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(57) Carbapenem compounds of formula (I) : 
OH R 1 O Q 



CH H CH SA-C-N 

/ \ 1/ \ / \ , 

H 3 C CH-C C R2 



(I) 



< 

CO 
00 
00 



O COOR 3 

[in which : A is a fully saturated heterocyclic group, of which at least one ring atom is nitrogen ; R 1 is 
hydrogen or methyl ; R 2 is hydrogen or alkyi ; R 3 is hydrogen or a negative ion ; Q is : (I) -B-N + R 8 R 9 R 10 t 
where R* R* and R 10 are alkenyt, alkynyl or optionally substituted aOcyl, and B is alkylene or aikylidene ; 
(8) a heterocydlc group of which one ring atom is a >N*R 11 R u t where R 11 and R u are alkenyl, alkynyl 
or optionally substituted eikyl ; (03) aikyi substituted by a heterocyclic group as defined in (iQ above ; or 
(tv) alkyi substituted by an aromatic heterocyclic group, of which one ring atom is 

V-Rll; 



a. 
ui 



or R 2 and Q. and the nitrogen to which they are attached, form a group of formula (II) : 



(CH 2 ) m R6 
-N N+ (II) 

(CH 2 ) n R 7 

where m and n are 1, 2 or 3 ; R° is optionally substituted alky! ; and R r is alkertyi, aOcynyl or optionally 
substituted aJkyl] and pharmaceutical iy acceptable salts and esters thereof have valuable antibacterial 
activity with enhanced resistance to dehydropeptidase I and lactamase. Methods of preparing and 
using the compounds are also provided. 
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CARBAPENEM DERIVATIVES HAVING ANTIBIOTIC ACTIVITY, THEIR PREPARAT1 N AND 

THEIR USE 



The present invention relates to a series of novel carbapenem derivatives, and provides methods and 
compositions using these for the treatment and prevention of bacterial Infections; it also provides processes 
for their preparation. 

The class of JHactam antibiotics includes the well known penicillins and cephalosporins, as well as the more 
5 recently introduced carbapenem compounds, of which the most successful member to date is Imipenem (a deri- 
vative of the well known thfenamycin), which is one of the isomers of 2-{2-{(lmInomethyl)amlno]ethylthio}-6-<1- 
hydroxyethyl)-1-carbapen-2-em-3-cart)oxylic acid. In this specification, as is common In this field, the 
carbapenem derivatives, including those of the- present invention, are named as derivatives of the notional 1- 
carbapen-2-em: 



15 



-N- 



20 

As can be seen from the above formula, the 1-carbapen-2-em system resembles the basic penlcBtin nuc- 
leus, except that there is a carbon atom (replacing a sulphur atom) at the 1 -position. The carbapenem com- 
pounds also normally have substituents at the 2-, 3- and 6* positions. The substftuent at the 6-position is most 
commonly, as In imipenem and thlenamycin, a 1 -hydroxy ethyl group. These carbapenem compounds have a 

25 carbon-carbon double bond between the 2- and 3-positions. 

In general, although thienamycin derivatives have been found to have excellent antibacterial activity, it has 
been reported that inactivation occurs in the human body as a result of decomposition of the compound due 
to the action of dehydropeptidase I; this is shown experimentally by a poor urinary recovery [H. Kropp et al: 
Antimicrob. Agents Chemother., 22, 62 (1982); S.R. Norrby et al.: Ibid., 23, 300 (1983)]. As a consequence, 

30 the known thienamycin derivatives are of limited practical use. Although Imipenem has been used clinically in 
combination with another compound, cilastatin, to protect it against this degradation, it is clearly undesirable 
to administer two or more drugs where one would suffice, and the restricted stability of the thienamycin deri- 
vatives has thus severely limited their use. 

In recent years, many carbapenem derivatives have been disclosed for potential use as antibiotics, these 

as generally differing In the nature of the substituent at the 2-position on the carbapenem nucleus. For example, 
European Patent Publications No. 126 587 and 333 175, which are believed to represent the closest prior art 
to the present invention of which we are presently aware, both disclose 1-carbapen-2-em-3-carboxylic acid deri- 
vatives having, like some of the compounds of the present invention, a substituted pyrrolidln-3-ylthio substitu nt 
at the 2-position. The compounds of the present invention differ from those of the prior art in possessing a quat- 

40 emary nitrogen atom, and It appears that this results in a significant and unexpected increase in antimicrobial, 
especially antibacterial, activity as well as a much improved stability in the mammalian body* as demonstrated 
by improved urinary recovery. When comparing compounds of the type generaDy disclosed In the prior art with 
precisely equivalent compounds In which the nitrogen atom has been quatemtsed in accordance with the pre- 
sent invention, we have found a consistent improvement In urinary recovery in the compounds of the present 

45 invention as compared with the prior compounds. This activity is accompanied by a low toxicity, enabling the 
compounds to be used in therapy. 

The compounds of the present invention are therefore expected to be of considerable value in the treatment 
and prophylaxis of microbial infections In mammals, especially humans. ..... 

In accordance with the present invention there are provided novel 1 -carbapen-2-em-3-carboxy1 Ic acid deri- 

so vatives, which are those compounds of formula (I): 



3 
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OH R 1 O Q 

I I II / 

CH H CH SA-C-N 

/ \ 1/ \ / \ 0 

H3C CH-C C R 2 (I) 



10 c— * — c 

O COOR 3 



in which: _ 

15 A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 

atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or atom 
R 4 , wherein: 

R* represents: a hydrogen atom; an alkenyt group having from 2 to 5 carbon atoms; an alkynyl group having 
from 2 to 5 carbon atoms; an alkyl group having from 1 to 6 carbon atoms; a substituted alkyi group having 
20 from 1 to 6 carbon atoms and having at least one of substituents (a), defined below; or a group of formula - 
C(=NH)R 5 , wherein R 5 represents a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms; 
R 1 represents a hydrogen atom or a methyl group; 

R2 represents a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms; 
R* represents a hydrogen atom or a negative ionic charge; 
25 Q represents: 

(i) a group of formula -B-N + R fl R 9 R 10 , wherein: R 8 , R 9 and R 10 are the same or different and each represents 
an alkenyt group having from 2 to 5 carbon atoms, an alkynyl group having from 2 to 5 carbon atoms, an 
alkyl group having from 1 to 6 carbon atoms or a substituted alkyl group which has from 1 to 6 carbon atoms 
and which has at least one of substituents (b), defined below; and B represents an alkylene or alkyi idene 

30 group having from 1 to 4 carbon atoms; 

(ii) a heterocyclic group having from 4 to 10 ring atoms in a single or bridged ring, one of said ring atoms 
being a quaternary nitrogen atom of formula >N + R 1t R 12 , wherein: 

R 1 1 and R 12 are the same or different and each represents an alkenyi group having from 2 to 5 carbon 
atoms, an alkynyl group having from 2 to 5 carbon atoms, an alkyl group having from 1 to 6 carbon atoms 
35 or a substituted alkyl group having from 1 to 6 carbon atoms and having at least one of substituents (b), 

defined below; 

and 0, 1 or 2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remainder 
being carbon atoms, said heterocyclic group being otherwise unsubstituted or having at least one of sub- 
stituents (c), defined below; 

40 (HI) an alkyl group having from 1 to 6 carbon atoms and substituted by a heterocyclic group as defined in 

(ii) above; or 

(iv) an alkyl group having from 1 to 6 carbon atoms and substituted by an aromatic heterocyclic group having 
from 5 to 8 ring atoms, one of said ring atoms being a quaternary nitrogen atom of formula 

45 

V-Rll 
/ 

50 wherein R 11 is as defined above, and 0, 1 or 2 of said ring atoms being an additional nitrogen and/or oxygen 

and/or sulphur hetero-atom; 

or 

R 2 and Q, together with the nitrogen atom to which they are attached, represent a group of formula (II): 

55 (CH 2 ) m R 6 

-N N+ (XI) 

\ / \ 7 

(CH 2 ) n * 7 



4 
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wherein: 

m and n are each 1, 2 or 3; 

5 R 6 represents an alkyfl group having from 1 to 6 carbon atoms or a substituted aikyf group which has 

from 1 to 6 carbon atoms and which has at least one of substituents (a), defined below; 

R 7 represents an aikenyi group having from 2 to 5 carbon atoms, an alkynyl group having from 2 to 5 

carbon atoms, an aikyl group having from 1 to 6 carbon atoms or a substituted aikyl group which has from 1 

to 6 carbon atoms and which has at least one of substituents (b), defined below; 
10 and the carbon atoms of said group of formula (II) are unsubstituted or they are substituted by at least one aikyl 

group having from 1 to 6 carbon atoms and/or oxygen atom (to form an oxo group); 

substituents (a): 

is hydroxy groups, carboxy groups, cyano groups, sulphamoyi groups, sulpho groups, halogen atoms, and 

groups of formula -NR"R b or-CONR*R b , where R* and R b are the same or different and each represents a hyd- 
rogen atom or an aikyl group having from 1 to 4 carbon atoms; 

substituents (b): 

20 

hydroxy groups; carboxy groups; groups of formula -NR*R b t where R a and R b are as defined above; groups 
of formula -CONR°R d or -OCONR c R d , where R c and R* are the same or different and each represents a hyd- 
rogen atom, an aikyl group having from 1 to 4 carbon atoms or a substituted aikyl group which has from 1 to 
4 carbon atoms and which has at least one of substituents (d) defined below; cyano groups; sulphamoyi groups; 
25 ureido groups; sulpho groups; halogen atoms; afkenyl groups having from 2 to 5 carbon atoms; alkoxy groups 
having from 1 to 4 carbon atoms; alkoxycarbonyl groups having from 2 to 5 carbon atoms; alkanoyi groups hav- 
ing from 1 to 4 carbon atoms; alkanoyi amino groups having from 1 to 4 carbon atoms; alkanoytoxy groups hav- 
ing from 1 to 4 carbon atoms; alkylthio groups having from 1 to 4 carbon atoms; alkylsulphinyl groups having 
from 1 to 4 carbon atoms and alkytsulphonyt groups having from 1 to 4 carbon atoms; 

30 

substituents (c): 

hydroxy groups, groups of formula -CONR*R b , where R« and R b are as defined above, aikyl groups having 
from 1 to 4 carbon atoms and halogen atoms; 

35 

substituents (d): 

hydroxy groups, carboxy groups and groups of formula -CONR*R b or -OCONR*R b , where R* and R b are 
as defined above; 

40 and salts thereof and, where R 3 represents a hydrogen atom, esters of said compound, provided that, where 
where R 3 represents a hydrogen atom or an ester, the compound also includes an anion. 

The invention also provides a pharmaceutical composition for the treatment or prophylaxis of bacterial 
infections, which composition comprises an effective amount of an antibacterial agent in admixture with a phar- 
maceuticaily acceptable carrier or diluent, wherein the antibacterial agent is selected from compounds of for- 
45 mula (I) and pharmaceutically acceptable salts and esters thereof, as defined above. 

The invention still further provides the use of a compound of formula (I) or a pharmaceutically acceptabl 
salt or ester thereof, as defined above, for the manufacture of a medicament for the treatment or prophylaxis 
of bacterial infections in an animal, preferably a mammal, which may be human. 

The invention also provides processes for the preparation of the compounds of the present invention, which 
50 are described in more detail hereafter. 

In the compounds of the present invention, A represents a fully saturated heterocyclic group having from 
4 to 6 ring atoms, of which one is a nitrogen atom and the remainder are carbon atoms, said nitrogen atom 
having on its remaining valence a group or atom R 4 . This group may be represented by the formula (III): 

55 -CH-(CH2)p-CH- 

I / 
(CH 2 ) q -N-(CH 2 )r (HI) 

5 
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In which R 4 Is as defined above and p. q and r are each zero or an Integer such that (j> + g + r) = an integer 
from 1 to 3. more preferably 1 or 2. Stfll more preferably £ is 0, 1 or 2, q is 0 or 1 and r is 0 t provided that (p + 
q + r) = an integer from 1 to 3. 

Where R 4 represents an alkenyl group having from 2 to 5 carbon atoms, this may be a straight or branched 
chain group having from 2 to 5, preferably 3 or 4, carbon atoms, and examples include the vinyl, ailyi, methallyl, 
1-propenyl, isopropenyl, 1-butenyt, 2-butenyi, 3-butenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl and 4-pentenyi 
groups, of which the vinyl, ailyi, methallyl, 1-propenyl, isopropenyl and butenyl groups are preferred, the ailyl 
and 2-butenyt groups being most preferred* 

Where R 4 represents an aikynyi group having from 2 to 5 carbon atoms, this may be a straight or branched 
chain group having from 2 to 5, preferably 3 or 4, carbon atoms, and examples include the ethynyl, propargyl 
(2-propynyl). 2-propynyl. 1-butynyi. 2-butynyl. 3-butynyl, 1-pentynyl, 2-pentynyi, 3-pentynyl and 4-pentynyl 
groups, of which the propynyl and butynyt groups are preferred, the propargyl and 2-butynyl groups being most 
preferred. 

Where R 4 represents an alkyl group having from 1 to 6 carbon atoms, this may be a straight or branched 
chain group having from 1 to 6, preferably from 1 to 4. carbon atoms, and examples include the methyl, ethyl, 
propyl, isopropyl, butyl, Isobutyl, sec-butyl, t-butyl, pentyl, isopentyl, neopentyi, sec-pentyt, t-pentyi, hexyl and 
isohexy) groups. Of these, we prefer those aikyl groups having from 1 to 4 carbon atoms, preferably the methyl, 
ethyl, propyl, isopropyl, butyl and isobutyl groups, and most preferably the methyl and ethyl groups. 

Where R 4 represents a substituted alkyl group having from 1 to 6 carbon atoms, this may be a straight or 
branched chain group having from 1 to 6. preferably from 1 to 4, carbon atoms, and examples include those 
unsubstituted groups listed above which are substituted by one or more of substituents (a). There is, in principle, 
no restriction on the number of such substituents, except such as may be imposed by the number of substitut- 
able positions or, possibly, by steric constraints. In general, although not restrictive, from 1 to 5 substituents 
are common, from 1 to 3 being more usual, and, in many cases, one being most common. 

Examples of groups and atoms which may be Included in the list of substituents (a) are: 

hydroxy groups, carboxy groups, cyano groups, sulphamoyi groups and suipho groups; 

groups of formula -NR*R b or -CONR*R b , where R* and R b are the same or different and each represents 
a hydrogen atoms and alkyl groups having from 1 to 4 carbon atoms (examples of which are included among 
the alkyl groups which may be represented by R 4 ). i.e amino and carbamoyl groups which may be unsubstituted 
or have one or two alkyl substituents, such as the amino, methylamino, ethyfamino, propylamine, isop- 
ropytamino, dimethylamino, diethylamino, N-butyl-N-methylamino, N-t-butyl-N-methyi amino, N-methyt-N-pro- 
pyiamino, N-ethyl-N-propylamino, dipropylamino, diisopropylamino, butylamino, isobutylamino, dibutylamino, 
diisobutylamino, carbamoyl, methylcarbamoyi, ethylcarbamoyl, propyl carbamoyl, isopropylcarbamoyl, 
dimethyicarbamoyl, d (ethylcarbamoyl, N-butyi-N-methyicarbamoyl, ^-^HJtyl-H-methyi carbamoyl, N-methyi-N- 
propytcarbamoyf, N-ethyH^-propy! carbamoyl, dipropyl carbamoyl, diisopropylcarbamoyl, butylcarbamoyl, iso- 
butyl carbamoyl, dibutylcarbamoyl and diisobutyicarbamoyl groups; and 

halogen atoms, such as the fluorine, chlorine, bromine and iodine atoms. 

Where R 4 represents a group of formula -C(=NH)R 6 , R 5 represents a hydrogen atom or an alkyl group hav- 
ing from 1 to 6 carbon atoms. Such aikyl groups may be as defined and exemplified in relation to the aikyl groups 
included in the groups which may be represented by R 4 

R 1 may represent a hydrogen atom or a methyl group, but is preferably a methyl group. 

Where R 2 may represent a hydrogen atom or an alkyl group, the alkyl groups may be as defined and exem- 
plified in relation to the alkyl groups included in the groups which may be represented by R 4 

Where Q represents a group of formula -B-N*R*R*R 10 , and any of R», R» and R 10 represents an alkenyl 
group having from 2 to 5 carbon atoms, an aikynyi group having from 2 to 5 carbon atoms or an alkyl group 
having from 1 to 6 carbon atoms, all of these groups are exemplified in relation to the similar groups which may 
be represented by R 4 and the examples given there apply mutatis mutandis to R°, R» and R 10 . Where R 8 and/or 
R? and/or R 10 represents a substituted alkyl group having from 1 to 6 carbon atoms, this may be as defined 
and exemplified above in relation to the unsubstituted groups, but is substituted by at least one of substituents 
(b), for example: 

hydroxy groups, carboxy groups, cyano groups, sulphamoyi groups, ureldo groups and suipho groups; 

groups of formula -NR*R b , where R* and R b are as defined above, such as the amino, methylamino, 
ethytamino, propytamino, isopropylamlno. dimethylamino, diethylamino, N-butyl-N-methylamino, N-t-butyl-N- 
methyiamino, N-methyl-N-propylamino. N-ethyl-N-propylamlno, dipropylamino, diisopropylamino, butylamin , 
isobutylamino, dibutylamino and diisobutylamino groups; 

groups of formula -CONR c R d or -OCONR^, where R° and K* are the same or different and each repre- 
sents a hydrogen atoms, alkyl groups having from 1 to 4 carbon atoms and substituted alkyl groups which have 
from 1 to 4 carbon atoms and which have at least one of substituents (d) defined above and exemplified below, 
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such as the carbamoyl, methyl carbamoyl, ethyl carbamoyl, propylcarbam yl, isopropyl carbamoyl, dimethyl car- 
bamoyl, diethylcarbamoyl, N-butyl-Nrmethyi carbamoyl, N-t-buty!-N-methylcarbamoyl, N^nethyl-N-propyl car- 
bamoyl, N^thyl-N-propyl carbamoyl, dipropyl carbamoyl, dilsopropylcarbamoyl, butyicarbamoyl, 
isobutylcarbamoyt, dibutyl carbamoyl and diisobutyl carbamoyl groups and such groups having one or more 
(preferably one) of substituents (d). defined above and exemplified below ; 
halogen atoms, such as the fluorine, chlorine, bromine and iodine atoms ; 

alkenyl groups having from 2 to 5, preferably 3 or 4, caibon atoms, such as the vinyl, allyl, methallyl, 1- 
propenyl, isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl and 4-pentenyl 
groups, of which the vinyl, allyl, methallyl, 1-propenyl, Isopropenyl and butenyl groups are preferred, the allyl 
and 2-butenyf groups being most preferred ; 

alkoxy groups having from 1 to 4 carbon atoms, such as the methoxy, ethoxy, pro poxy, Isopropoxy, butoxy, 
isobutoxy, seo-butoxy and t-butoxy groups ; 

alkoxycarbonyl groups having from 2 to 5 carbon atoms, such as the methoxycarbonyl, ethoxy carbonyl, 
propoxycarbonyl, Isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyf, sec-butoxycarbonyt and t- 
butoxy carbonyl groups ; 

alkanoyt groups having from 1 to 4 carbon atoms, such as the fformyl, acetyl, proplonyi, butyryl and iso- 
butyryt groups ; 

alkanoylamino groups having from 1 to 4 carbon atoms, such as the formytamino, acetylamino, pro- 
pionylamino, butyrylamlno and isobutyrylamino groups ; 

afkanoyloxy groups having from 1 to 4 carbon atoms, such as the formyioxy, acetoxy, propionyloxy, 
butyryloxy and isobutyryloxy groups ; 

alkylthio groups having from 1 to 4 carbon atoms, such as the methyl thio, ethylthlo, propylthio, isopropyl thio, 
butylthio. isobutytthio, sec-butylthio and t-butylthio groups ; 

alkylsulphinyl groups having from 1 to 4 carbon atoms, such as the methylsulphlnyl, ethylsulphinyl, pro- 
pylsulphinyl, isopropylsulphinyl, butylsulphinyl, Isobutylsulphinyl, seo-butylsulphlnyl and t-butylsulphlnyl 
groups ; and 

alkylsulphonyl groups having from 1 to 4 carbon atoms, such as the methylsulphonyl, ethylsulphonyl, pro- 
pylsulphonyl, isopropylsulphonyl, butylsulphonyl, isobutyisulphonyl, seobutytsulphonyl and t-butylsulphonyl 
groups. 

Examples of the groups which may be included in substituents (d) are : 
hydroxy and carboxy groups ; and 

groups of formulae -CONR*R b and -OCONR*R b . where R* and R b are as defined above, e.g. the car- 
bamoyl, methylcarbamoyl, ethylcarbamoyl, propylcarbamoyl, isopropylcarbamoyl, dimethyl carbamoyl, diethyl- 
carbamoyl, N-butyt-N-methyt carbamoyl, N-t-butyl-Nnmethylcarbamoyl. N-methyl-N-propylcarbam yl, 
N-ethyl-N-propyi carbamoyl, di propylcarbamoyl, diisopropylcarbamoyi, butyicarbamoyl, Isobutylcarbamoyt, 
dibutyl carbamoyl, diisobutylcarbamoyl, carbamoyloxy, methylcarbamoyloxy, ethylcarbamoyloxy, propyl car- 
bamoyloxy, isopropylcarbamoyloxy, dlmethylcarbamoyloxy, diethylcarbamoyloxy, N-butyl-N-methylcar- 
bamoylaxy, N^-butyl-N-rnethyl(»Aamoyloxy, N-methyl-N-propylcarbamoyloxy, N-ethyl-N-propylcarbamoyloxy, 
dipropyl carbamoyloxy, dilsopropylcarbamoyloxy. butylcarbamoyloxy, isobutylcarbamoyloxy, dibutylcar- 
bamoyloxy and diisobutylcarbamoyloxy groups. 

In the above formula, B represents an alkylene or alkylidene group having from 1 to 4 carbon atoms. This 
can be attached to the group of formula -N+R 8 R*R 10 and the group of formula -S-A-CO-N-through the same 
atom (in which case the group is correctly called an "alkylidene" group) or through different atoms (in which 
case the name "alkylene" group Is appropriate). For the avoidance of doubt, it should be noted that both types 
of group are often referred to collectively as "alkylene" groups. Examples of such groups indude the methylene, 
ethylene, ethyftdene, trimethyiene, tetramethylene, Isopropyiidene, propytidene, 1 -methyl ethylene, 1 -ethyl e- 
thylene, 2-methylethylene, 2-ethylethyiene, 1-methylpropylene and 2-methylpropylene groups. Of these, the 
methylene, ethylene, trimethyiene and propytidene groups are preferred. 

Where Q represents a heterocyclic group having from 4 to 10 ring atoms In a single or bridged ring, one 
of said ring atoms is a quaternary nitrogen atom of formula >N*R 11 R« wherein R 11 and R« are the same or 
different and each represents an alkenyl groups having from 2 to 5 carbon atoms, alkynyt groups having from 
2 to 5 carbon atoms and alky! groups having from 1 to 6 carbon atoms ; all of these groups are exemplified In 
relati n to the similar groups which may be represented by R 4 and the examples given there apply mutatis 
mutandis to R 11 and R 12 . Where R 11 and/or R 12 represents a substituted alkyl group having from 1 to 6 carbon 
atoms, this may be as defined and ex mplified above in relation to th unaubstituted groups, but is substituted 
by at least one of substituents (b), for example those substituents (b) exemplified above. 

The heterocyclic group represented by Q may be a fuDy saturated ring, or It may be partially unsaturated ; 
it must however, contain a quaternary nitrogen atom attached to two groups, R 11 and R«, and so that atom, 
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at least must not lake part In any multiple bonds. In addition, it may optionally contain one or two other hete- 
ro-atoms, which may be oxygen, sulphur or nitrogen atoms. Where there are two such additional hetero-atoms, 

5 we prefer that both should be nitrogen atoms or one should be a nitrogen atom and one should be an oxygen 
or sulphur atom, although both can be sulphur or oxygen atoms or one can be a sulphur atom and one can be 
an oxygen atom, if desired. The remaining atoms are carbon atoms. Preferably, where the ring represented by 
Q is a monocyclic ring, it has from 4 to 7, more preferably 5 or 6, ring atoms, and, where ft is a bicycilc ring 
system, it has from 6 to 10, more preferably from 7 to 9 V ring atoms. Examples of heterocyclic rings which may 

10 form part of Q include the pyrrolidine, piperidlne, morpholine, thlomorpholine, azetidine, plperazine, quinuc- 
lldine and homopiperazJne rings, and these may be attached to the group of formula -S-A-CO-N- via any ring 
atom, provided that at least one nitrogen atom is free to be quatemtsed. That is the groups are optionally sub- 
stituted azetidinio, pyrrolldinio, piperidinio, piperazinio, homopiperazinio, quinudidinio, morpholinio or thiomor- 
pholinio groups. _ _ 

15 Such a heterocyclic group represented by Q is, of course, substituted on the quaternary nitrogen atom ; 

other than this, ft may be unsubstituted or it may be substituted by at least one, and preferably from 0 to 3, of 
substituents (c) : 
hydroxy groups ; 

groups of formula -CONR*R b , where R* and R b are as defined above, e.g. carbamoyl, methylcarbamoyl, 
20 ethyl carbamoyl, propylcarbamoyt, isopropyl carbamoyl, dimethylcarbamoyl, dlethyicarbamoyl, N-butyt-N- 
methylcarbamoy), N-t-butyl-N-methyl carbamoyl, N-methyl-H-propylcarbamoyt, N-ethyl-N-propylcarbamayt, 
dlpropyi carbamoyl, diisopropylcarbamoyl, butylcarbamoyl, isobutylcarbamoyl, dibutylcarbamoyl and 
diisobutyf carbamoyl groups ; 

alkyl groups having from 1 to 4 carbon atoms, such as the methyl, ethyl, propyl, isopropyl, butyl, isobutyf, 
25 sec-butyl and t-butyl groups ; and 

halogen atoms, such as the fluorine, chlorine, bromine and iodine atoms. 

Where Q represents an alkyl group having from 1 to 6 carbon atoms substituted by a heterocyclic group 
as defined above, the alkyl group may be a straight or branched chain group having from 1 to 6, preferably 
from 1 to 4, carbon atoms, and examples include the methyf, ethyl, propyl, Isopropyl, butyl, isobutyl, sec-butyl, 
do t-butyl, pentyl, isopentyl, neopentyl, seo-pentyl, t-pentyl, hexyl and isohexyi groups. Of these, we prefer thos 
alkyl groups having from 1 to 3 carbon atoms, preferably the methyl, ethyl and propyl groups, and most pref- 
erably the methyl and ethyl groups. 

Where Q represents an alkyl group having from 1 to 6 carbon atoms and substituted by an aromatic 
heterocyclic group having from 5 to 8 ring atoms, one of said ring atoms being a quaternary nitrogen atom of 
35 formula 



V-Rll 



(wherein R 11 is as defined above), the alkyl group and R 11 may be as defined and exemplified above, and the 
heterocyclic group may have 0, 1 or 2 other nitrogen and/or oxygen and/or sulphur hetero-atoms. Examples 
of such groups include the fmidazolio, thiazolio, thiadiazolio, pyrazolio, oxazolio, isoxazolio, trtazolio, pyridinio, 
45 pyrazlnlo, pyrimidinio and pyridazinia groups. 

Where R 2 and Q, together with the nitrogen atom to which they are attached, represent a group of formula 

(II): 

/( CH 2 )^ RS 
-N N+ (II) 

(CH 2 ) n R 7 

55 

in which n\ n, R? and R 7 are as defined above, we prefer that m and n should each be 2 or 3. more preferably 
m should be~2 and n should be 2 or 3. R* may represent an alkyl group having from 1 to 6 carbon atoms or a 
substituted alkyl group which has from 1 to 6 carbon atoms and which Is substituted by at least one of sub- . 
stftuents (a), whilst R 7 may represents an alkenyl group having from 2 to 5 carbon atoms, an alkynyl group hav- 
ing from 2 to 5 carbon atoms, an alkyl group having from 1 to 6 carbon atoms or a substituted alkyl group which 

ft 
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has from 1 to 6 carbon atoms and which is substituted by at least one of substituents (b); In each case, these 
may be as exemplified above in relation to R 4 or R 8 , R* and R 10 , as appropriate. 

5 Where th group of formula (II) is substituted on one or more of the carbon atoms, the substituents are 

selected from alkyi groups and oxygen atoms. There is no particular restriction on the number of the sub- 
stituents, which will only be limited by the number of substitutabie positions and possibly by steric constraints; 
however, in the case of alky) substituents, from 1 to 4, more preferably from 1 to 3 and most preferably 1 or 2, 
are preferred; In the case of oxygen atoms (which, with the carbon atom to which they are attached, form an 

10 oxo group), 1 or 2 are preferred, 1 being more preferred. In general, however, the unsubstltuted groups are 
preferred. The alkyl groups may be straight or branched chain groups having from 1 to 6, preferably from 1 to 
4, carbon atoms, and examples include the methyl, ethyl, propyl, isopropyt, butyl, isobutyi, sec-butyl, t-butyi, 
pentyt, isopentyl, neopentyl, seo-pentyl, t-pentyl, hexyf and isohexyi groups. Of these, we prefer those alkyl 
groups having from 1 to 4 carbon atoms, preferably the methyl, ethyl, propyl, tsopropyl, butyl and isobutyi 

is groups, and most preferably the methyl group. 

Those compounds of the present invention where R 3 represents a hydrogen atom are carboxylic acids and 
can form esters. There is no limitation upon the nature of such esters, provided that, where the resulting com- 
pound is to be used for therapeutic purposes, it is pharmaceutical^ acceptable, which, as is well known in the 
art, means that the compound does not have reduced activity (or unacceptably reduced activity) or increased 

20 toxicity (or unacceptably increased toxicity) as compared with the corresponding compound of formula (I). La. 
the free acid. Where, however, the compound is to be used for non-therapeutic purposes, e.g. as an inter- 
mediate in the preparation of other compounds, even this limitation does not apply, and the nature of the ester 
group may be chosen having regard simply to process criteria. Examples of suitable ester groups which may 
replace the hydrogen atom of the carboxy group include: 

25 Ci - Ce alkyl groups, such as those exemplified in relation to R 4 , but most preferably the methyl, ethyl and 

t-butyl groups; 

aralkyi groups in which the aromatic group is Ce - C u , which may be substituted or unsubstituted, and, if 
substituted, may have at least one substituent, for example selected from substituents (e), defined below; exam- 
ples of such aralkyi groups include the benzyl, phenethyl, 1-phenylethyl, 3-phenylpropyt, 2-phenyl propyl, 1-na- 
30 phthylmethyl, 2-naphthylmethyt, 2-(1-naphthyl)ethyl a 2-(2-naphthyl)ethyl, benzhydryi (i.e. diphenytmethyi), 
triphenylmethyl, bis(o-nitrophenyt)methyl, 9-anthrylmethyl, 2,4,6-trimethylbenzyl, 4-bromobenzyt, 2-nitroben- 
zyl, 4-nitrobenzyl, 4-methoxybenzyl and piperonyi groups; 

alkenyl groups, having from 2 to 6 carbon atoms, which may be substituted or unsubstituted and, if sub- 
stituted, have at least one substituent selected from halogen atoms; examples of the unsubstituted groups are 
35 given above in relation to R 4 , and preferred groups include the allyl, 2-chloroallyi and 2-methyfallyl groups; 

halogenated Ci - Ce. preferably C t - C 4 , alkyl groups In which the alkyl part Is as defined and exemplified 
in relation to the alkyl groups which may be represented by R 4 , and the halogen atom is chlorine, fluorine, 
bromine or iodine, such as the 2,2,2-trichtoroethyi, 2-haIoethyl (e.g. 2-chloro- ethyl, 2-fluoroethyl, 2-bromoethyl 
or 24odoethyl), 2,2-dibromoethyi and 2,2,2-tribromoethyi group; 
40 substituted silyialkyl groups, in which the alkyl part is as defined and exemplified in relation to the alkyi 

groups which may be represented by R\ and the sflyt group has up to 3 substituents selected from C t - C« 
alkyl groups and phenyl groups which are unsubstituted or have at least one of substituents (e) defined below, 
for example a 2-trimethyts3ylethyl group; 

phenacyi groups, which may be unsubstituted or have at least one of substituents (e) defined below, for 
4$ example the phenacyi group Itself or the g-bromophenacyl group; 

alkoxymethyt groups, in which the alkoxy part is C t - C 6 , preferably Ci - C 4 , and may itself be substituted 
by a single unsubstituted alkoxy group, such as the methoxymethyt, ethoxy methyl, propoxymethyt, isop- 
ropoxymethyi, butoxymethyl and methaxyethoxymethyt groups; 

aliphatic acyloxymethyl groups, in which the acyl group Is preferably an alkanoyl group and is more pref- 
50 erabiy a Cj-Ce alkanoyl group, such as the acetoxymethyl, propionyfoxymethyl, butyrytoxymethyl, iso- 
butyryloxymethyl and ptvafoyloxymethyl groups; 

higher aliphatic acyloxyaikyt groups in which the acyl group Is preferably an alkanoyl group and is more 
preferably a O2 - C« alkanoyl group, and the alkyl part is C2 - C 6 , and preferably C2-C4, such as the 1-pivai y- 
loxyethyU 1-acetoxyethyi, 1-isobutyrytoxyethyl, 1 -pivaloyiaxypropyi, 2-methyM-pivaloyloxypropyl. 2- 
55 pivaloyloxypropyi, 1 -Jsobutyryfoxy ethyl, 1-isobutyryloxypropyl, 1-acetoxypropyi, 1 -acetoxy-2-methylpro pyl, 
1-propionyioxyethyl, 1-propionyloxypropyt, 2-acetoxypropyl and 1-butyrylaxyethy! groups; 

cydoalkyl-substituted aliphatic acyloxyalkyl groups, in which the acyl group is preferably an alkanoyl group 
and is more preferably a C2 - Ce alkanoyl group, the cycloalkyi substituent is C* - and the alkyl part is a 
Ct - C e alkyl group, preferably a Ci - C 4 alkyl group, such as the (cydohexyiacetoxy)methyt, 1-(cyc- 
lohexylacetoxy)ethyl , 1 -(cyclohexytacetoxy)propyl, 2-methyM -(cydohexyiacetoxy)propyl, (cyclopen- 
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tylacetoxy)methyt. 1-<cydopentylacetoxy)ethyt. 1-(cydopentylacetoxy)propyl and 2-methyM-(cydopen- 
tylacetoxy)propyl, groups; 

alkoxycarbonyioxyalkyl groups, especially 1-(alkoxycarbonyloxy)ethy1 groups, In which the alkoxy part is 
Ci - C 10 1 preferably Ci - C*. and more preferably C, - C* and the alkyl part is C t - Ce, preferably C, - C 4 , such 
as the 1-methoxycarbonyloxyethyl, 1-ethoxycarbonyioxyethyt f 1 -pro poxy carbonyloxyethyl, 1-isopropoxycar- 
bonyloxyethyl. 1-butoxycarbonyIoxyethyl, 1-isobutoxycarbonyloxyethy!, 1 -sec-butoxycarbonyloxy ethyl, 1-t- 
butoxycarbonyloxyethyi, 1-(1-ethylpropoxycarbonyloxy)ethyl and 1-(1 ,1-dipropylbutoxycarbonyloxy)ethyl 
groups, and other alkoxycarbonytalkyl groups, in which both the alkoxy and alkyl groups are C, • Ce, preferably 
d - C 4 , such as the 2-methy1-1-{isopropoxycarbonyloxy)propyl, 2^sopropoxycarbonyloxy)propyl t isop- 
ropoxycarbonyloxymethyl, t-butoxycarbonyloxymethyt. methoxycarbonyloxymethyl and ethoxycar-^ 
bonyfoxymethyl groups; 

cydoalkylcarbonyloxyalkyl and cydoalkyloxycarbonyloxyalkyl groups, in which the cydoafkyl group is Ca - 
C 10 . preferably C3 - C7, is mono- or poly- cydlc and is optionally substituted by at least one (and preferably only 
one) Ci - C 4 alkyl group (eg. selected from those alkyl groups exemplified above) and the alkyl group is a Ci - 
Ce, more preferably d - C 4 , alkyl group (e.g. selected from those alkyl groups exemplified above) and is most 
preferably methyl, ethyl or propyl, for example the Inmethylcydohexyicarbonyloxymethyl. 1-methyicyo 
lohexyioxycarbonyloxymethyl, cydopentyloxycarbonyloxymethyi. cydopentyicarbonyioxymethyl, 1-cyo- 
lohexyloxycarbonyloxyethyl, 1-cydohexylcarbonyloxyethyi, 1-cydopentyloxycarbonytoxyethyi, 1-cydopen- 
tylcarbonyloxyethyl, 1-cydoheptyloxycarbonyloxyethyl f 1-cydoheptylcarbonyloxyethyl, 1 -methyl cydopentyi- 
carbonyioxymethyl, 1 -methylcydope ntyloxycarbony loxymethyl , 2-methyl-1-(1-methylcydohexylcarbonyIo- 
xy)propy1, 1-(1-mothylcydohexylcarbonyloxy)propyl ( 2-(1-methylcydohexylcarbonyloxy)propyl t 1-(cydohexyl- 
carbonyioxy)propy1, 2-(cydohexylcarbonyloxy)-propyl, 2-methyi-1-(1-methylcydopentylcarbony1oxy)propyl, 1- 
(1^nethylcydopentylcarbonyloxy)propyl t 2-(1-methylcydopentylcarbonyloxy)propyl t 1-(cydopentylcar- 
bonyloxy)propyl. 2-(cydopentylcart)onyloxy)propyi, 1-(1-methylcydopentylcarbonytoxy)ethy1, 1-{1-methylcyc- 
Iopentylcarbony1oxy)propyl, adamantyloxycarbonyloxymethyl, adamantylcarbonyloxymethyl, 1-adaman- 
tyloxycarbonyloxyethyi and 1 -adamantyl carbonyloxyethyl groups; 

cydoaltyatkoxycarbonyloxyalkyl groups in which the alkoxy group has a single cycloalkyl substituent, the 
cydoalkyl substituent being C 3 - C 10 . preferably C 3 - C7, and mono- or poly- cydic, for example the cydop- 
ropylmethaxycarbonyloxymethyl, cydobutylmethoxycarbonyloxymethyl, cydopentylmethoxycarbonyloxyme- 
thyi, cydohexylmethoxycarbonyloxymethyl, 1-(cydopropylmethoxycarbonyloxy)ethy1, 1-(cydobutylmethoxy- 
carbonyioxy)ethyl t 1-(cydopenty1methoxycart)onyloxy)ethyl and 1-(cydohexylmethoxycarbonyloxy)ethyl 
groups; 

(5-aIkyt- or 5-phenyl- 2-oxo-1,3-dioxden-4-yl)alkyl groups in which each alkyl group (which may be the 
same or different) is C t - Ce, preferably C t - C 4 . for example the (5-methyi-2-oxo-1,3-dloxolen-4-yl)methyi. (5- 
phenyi-2-oxo-1 ,3-dioxolen-4-yt)methyl, (5-lsopropyl-2-oxo-1 ,3-dioxolen-4-yl)-methy1 t (5-t-butyI-2-oxo-1 ,3- 
dioxolen-4-yOmethyt and 1-(5-methyi-2-oxo-1,3-dioxolen-4-yi)ethyl groups; and 

other groups, such as the phthalidyi, indanyl and 2-oxo-4,5,6,7-tetrahydro-1 .3-benzodioxolen-4-yl groups. 

Of the above groups, we especially prefer the benzyl, benzhydryl, 4-nitrobenzyl, 4-methoxybenzyl, ailyl, 
2,2,2-trichIoroethyl, 2,2,2-tribromoethyl, 2-trimethylsilyiethyl, acetoxymethyi, pivaloyioxymethyi and 1- 
ethoxycarbonyloxyethyi groups. 

Examples of groups and atoms which may be induded in substituents (e) indude: 

hydroxy groups; carboxy groups; groups of formula -NR*R b , where R* and R b are as defined above; groups 
of formula -CONR c R d or -OCONR^. where R° and R d are as defined above; cyano groups; sulphamoyi 
groups; ureido groups; sulpho groups; halogen atoms; alkenyi groups having from 2 to 5 carbon atoms; alkoxy 
groups having from 1 to 4 carbon atoms; alkoxycarbonyl groups having from 2 to 5 carbon atoms; alkanoyl 
groups having from 1 to 4 carbon atoms; alkanoyl amino groups having from 1 to 4 carbon atoms; alkan yioxy 
groups having from 1 to 4 carbon atoms; alkylthlo groups having from 1 to 4 carbon atoms; alkyisulphinyl groups 
having from 1 to 4 carbon atoms and aikylsulphonyi groups having from 1 to 4 carbon atoms; all of which are 
as exemplified in relation to substituents (b), above; 

nitro groups; 

alkyl groups havfhg from 1 to 6, preferably from 1 to 4 carbon atoms, e.g. as exemplified In relation to R 4 
above; 

halogenated alkyl groups having from 1 to 6, preferably from 1 to 4 carbon atoms, ag. as exemplified in 
relation to th ester groups above; and 

aDcylenedioxy groups having from 1 to 3 carbon atoms, espedaDy the methyienedioxy, ethylenedioxy and 
trimethyienedloxy groups, preferably the methyienedioxy group. 

The compounds of formula (1) indude a positively charged ion on the quaternary ammonium ion in the group 
represented by Q. Where R 3 represents a negative ionic charge, th positive charge of the quaternary 
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ammonium ion is balanced by R 3 . In this case, an acid additi n salt may be formed with one or more of the 
other nitrogen atoms In the compound of formula (i). However, where R* represents a hydrogen atom or is rep- 
5 laced by an ester group, such as those exemplified above, the compound requires another anion to balance 
that positive charge. This other anion may be provided by the anionic part of an acid. In either case, the nature 
of the acid employed is not critical to the invention, provided that, where the resulting compound Is to be used 
for therapeutic purposes, it is pharmaceuticaUy acceptable, I.e. it does not have reduced activity (or unaccept- 
ably reduced activity) or increased toxicity (or unacceptably increased toxicity) as compared with the corre- 
io spending compound of formula (1). Where, however, the compound is to be used for non-therapeutic purposes, 
e.g. as an intermediate in the preparation of other compounds, even this limitation does not apply, and the nat- 
ure of the ester group may be chosen having regard simply to process criteria. Examples of suitable acids which . , 
may be used to provide the balancing anion or which may form acid addition salts include: 

mineral acids, especially hydrohalic acids, such as hydrochloric acid, hydrofluoric acid, hydrobromic acid 
15 or hydroiodlc acid, or other mineral acids, such as sulphuric acid, nitric acid, perchloric acid or phosphoric acid; 

organic carboxyiic acids, such as oxalic acid, tartaric acid, maleic acid, succinic acid, acetic acid, benzoic 
acid, mandelic acid, ascorbic acid, lactic acid, gluconic acid, malic acid or citric acid; and 

sulphonic acids, e.g. fluorosulphonlc acid, or alkane- sulphonic or haloalkanesulphonlc acids, such as 
methanesutphonic acid, trifluoromethanesulphonic acid or ethanesulphonic acid, or arytsulphonic acids, such 
20 as benzenesulphonlc acid or g-toluenesulphonic acid. 

Where R 3 represents a hydrogen atom, the compounds of the present invention can also form salts with 
cations, for example: 

metals, especially alkali metals, such as sodium or potassium, alkaline earth metals, such as calcium or 
barium, and other metals, such as magnesium or aluminium; 
25 the ammonium ion; and 

organic bases, includinng triaikylamines, such as trimethytamine or triethylamine, and other basic amines, 
such as procaine, dibenzyiamine or phenethyiamine. 

The compounds of the present invention necessarily contain several asymmetric carbon atoms in their 
molecules, and can thus form optical isomers. Although these are all represented herein by a single molecular 
30 formula, the present Invention Includes both the Individual, isolated isomers and mixtures, including rac mates 
thereof. Where stereospecific synthesis techniques are employed, individual isomers may be prepared directly; 
on the other hand, if a mixture of isomers is prepared, the individual isomers may be obtained by conventional 
resolution techniques. 

Of the various isomers of the compounds of the present invention, we especially prefer those in which: 
35 (a) when R 1 represents a hydrogen atom, those having the (5R,6S) configuration and in which the hydroxy 

substituent at the a-position of the side chain at the 6-position is in the R configuration, which is th same 
configuration as that of thienamycin; 

(b) when R 1 represents a methyl group, those in which the methyl group at the 1-position is in the R con- 
figuration, and especially those having the (5S, 6S) configuration and in which the hydroxy substituent at 
40 the a-position of the side chain at the 6-position is in the R configuration. 

Preferred classes of compound of the present invention are those compounds of formula (I) and salts and 
esters thereof, wherein: 

(A) A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or atom 

45 R 4 , wherein: 

R* represents: a hydrogen atom; an alkenyl group having 3 or 4 carbon atoms; an alkynyl group having 3 
or 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms; a substituted alkyi group which has from 
1 to 4 carbon atoms and which has at least one of substituents (a 1 ), defined below; or a group of formula - 
C(=NH)R 5 , wherein R 5 represents a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms; 

50 

substituents (aj): 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, suiphamoyl groups, sulpho groups, 
halogen atoms, and groups of formula -NR« R b , where R« and R» are the same or different and each represents 
55 a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms. 

(B) R 2 represents a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms. 

(C) R* and Q, together with the nitrogen atom to which they are attached represent a group of formula (II), as 
defined abov , wherein: 

m and n are each 1, 2 or 3; 

Re represents an alkyl group having from 1 to 4 carbon atoms or a substituted alkyl group which has 
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from 1 to 4 carbon atoms and which has at least one of substituents (a 1 ), defined in (A) above; and 

R? represents: an atkenyf group having 3 or 4 carbon atoms; an alkynyi group having 3 or 4 carbon atoms; 
5 an alkyl group having from 1 to 4 carbon atoms; or a substituted alkyl group which has from 1 to 4 carbon atoms 
and which has at least one of substituents defmed below; 

and the carbon atoms of said group of formula (II) are unsubstituted or they are substituted by at least one sub- 
strtuent selected from alkyl groups having from 1 to 4 carbon atoms and oxygen atoms; 

10 substituents (bp: 

hydroxy groups; carboxy groups; groups of formula -NR a R b , where R« and R b are as defined above; groups- 5 •* 
of formula -CONR* R* or -OCONR^R*", where R* and R* are the same or different and each represents a 
hydrogen atom, an alkyl group having from 1 to 3 carbon atoms or a substituted alkyl group which has from 1 

15 to 3 carbon atoms and which has at least one of substituents (d 1 ) defined below, and R^ and R*" are the sam 
or different and each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; cyan 
groups; sutphamoyt groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 
carbon atoms; atkoxycarbony! groups having from 2 to 4 carbon atoms; alkanoyl groups having from 1 to 3 car- 
bon atoms; alkanoytamino groups having from 1 to 3 carbon atoms; alkanoyloxy groups having from 1 to 3 car- 

20 bon atoms; aikylthio groups having from 1 to 3 carbon atoms; alkylsulphinyl groups having from 1 to 3 carbon 
atoms and alkyisulphonyl groups having from 1 to 3 carbon atoms; and 

substituents (dj): 

25 hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyl oxy groups. 

(D) Q represents a group of formula -B N+R 8 R°R 10 wherein: R a , R° and R 10 are the same or different and ach 
represents an alkenyi group having 3 or 4 carbon atoms, an alkynyi group having 3 or 4 carbon atoms, an alkyl 
group having from 1 to 4 carbon atoms or a substituted alkyl group which has from 1 to 4 carbon atoms and 
which has at least one of substituents (b 1 ). defined above; and B represents an alkylene or alkylldene group 

30 having from 1 to 4 carbon atoms. 

(E) Q represents a non-aromatic heterocyclic group having from 4 to 10 ring atoms in a single or bridged ring, 
one of said ring atoms being a quaternary nitrogen atom of formula >N*R 11 R 12 , wherein: 

R 11 and R 12 are the same or different and each represents an alkenyi group having 3 or 4 carbon atoms; 
an alkynyi group having 3 or 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms; or a substituted 
35 alky) group having from 1 to 4 carbon atoms and having at least one of substituents (b 1 ). defined above; 

and 0, 1 or 2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remainder being 
carbon atoms, said heterocyclic group being otherwise unsubstituted or having at least one of substituents (d), 
defined below; 

40 substituents (cQ: 

hydroxy groups, carbamoyl groups, alkyl groups having from 1 to 3 carbon atoms and halogen atoms. 

(F) Q represents an alkyl group having from 1 to 4 carbon atoms and substituted by a non-aromatic heterocyclic 
group having from 4 to 10 ring atoms in a single or bridged ring, one of said ring atoms being a quaternary 

45 nitrogen atom of formula >N*R 1 1 R 12 , wherein: 

R" and R 12 are the same or different and each represents an: alkenyi group having 3 or 4 carbon atoms; 

an alkynyi group having 3 or 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms; or a substituted 

alkyl group having from 1 to 4 carbon atoms and having at least one of substituents (b*), defined above; 

and 0, 1 or 2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remainder being 
50 carbon atoms, said heterocyclic group being otherwise unsubstituted or having at least one of substituents (d), 

defined above. 

(Q) Q represents an alkyl group having from 1 to 4 carbon atoms and substituted by an aromatic heterocyclic 
group having from 5 to 7 ring atoms, one of said ring atoms being a quaternary nitrogen atom of formula 

55 

V-r" 
/ 

wherein R 11 represents: an alkenyi group having 3 or 4 carbon atoms; an alkynyi group having 3 or 4 carbon 



EP 0 443 883 A1 



atoms; an alkyl group having from 1 to 4 carbon atoms; or a substftuted alkyt group having from 1 to 4 carbon 
atoms and having at least one of substituents (b 1 ), defined above; 
5 and 0, 1 or 2 of said ring atoms being nitrogen and/ r xygen and/or sulphur hetero-atoms, the remainder being 
carbon atoms, said heterocyclic group being otherwise unsubstltuted or having at least one of substituents (d), 
defined above. 

Particularly preferred among these are those compounds In which A is as defined in (A) above and either 
R 2 and Q are as defined in (C) above or R 2 is as defined in (B) above and Q is as defined in one of (D), (E), 
10 (F) or (G) above. 

More preferred compounds of the present Invention are those compounds of formula (I) and salts and esters 
thereof, wherein: - , 

(H) A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one Is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or atom 

is R 4 ( wherein: 

R* represents: a hydrogen atom; an alkyl group having from 1 to 4 carbon atoms; a substituted alkyl group 
which has from 1 to 4 carbon atoms and which has at least one of substituents (a°), defined below; or a group 
of formula -C(=NH)R S , wherein R 6 represents a hydrogen atom or an alkyl group having from 1 to 4 carbon 
atoms; 

20 

substituents (a! ): 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, halogen atoms, and groups of formula * 
NR'R* where R*' and R b ' are the same or different and each represents a hydrogen atom or an alkyl group 
25 having from 1 to 3 carbon atoms. 

(I) R 2 and Q, together with the nitrogen atom to which they are attached represent a group of formula (II), as 
defined above, wherein: 

m and n are each 1, 2 or 3; 

R° represents an alkyl group having from 1 to 4 carbon atoms or a substituted alkyl group which has 
30 from 1 to 4 carbon atoms and which has at least one of substituents (a 0 ), defined below; and 

R 7 represents: an alkyl group having from 1 to 3 carbon atoms; or a substituted alkyl group which has 
from 1 to 3 carbon atoms and which has at least one of substituents (b 0 ), defined below; 
and the carbon atoms of said group of formula (II) are unsubstituted or they are substituted by at least on alkyl 
group having from 1 to 4 carbon atoms and/or oxygen atom; 

35 

substituents (aSQ: 

hydroxy groups, carboxy groups, carbamoyl groups, halogen atoms, and amino groups; 
40 substituents (bj j): 

hydroxy groups; carboxy groups; groups of formula -NR^R**, where R«* and are the same or different 
and each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; groups of formula - 
CONR«* R^ or -OCONR'Rf, where R«" and are as defined above; cyano groups; sulphamoyl groups; 

45 ureido groups; sutpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl 
groups having from 2 to 4 carbon atoms; atkanoyl groups having 2 or 3 carbon atoms; alkanoyiamino groups 
having 2 or 3 carbon atoms; alkanoyloxy groups having 2 or 3 carbon atoms; alkytthb groups having from 1 to 
3 carbon atoms; alkylsulphinyl groups having from 1 to 3 carbon atoms and alkylsulphonyi groups having from 
1 to 3 carbon atoms. 

so (J) R 2 represents a hydrogen atom; and 

Q represents a group of formula -B-N*R 8 R 9 R 10 wherein: R 8 , R* and R 10 are the same or different and each 
represents an alkyl group having from 1 to 3 carbon atoms or a substituted alkyl group which has from 1 to 3 
carbon atoms and which has at least one of substituents (b°) v defined above; and B represents an alkyiene or 
alkylidene group having from 1 to 3 carbon atoms. 

55 (K) Q represents a heterocyclic group having from 4 to 10 ring atoms in a single or bridged ring, one of said 
ring atoms being a quaternary nitrogen atom of formula >N*R 11 R? 2 wherein: 

R" and R 12 are the same or different and each represents an alkyl group having from 1 to 3 carbon atoms 
or a substituted alkyl group having from 1 to 3 carbon atoms and having at least one of substituents (b°), defined 
above; 

and having no other hetero-atoms or having one other nitrogen and/or oxygen and/or sulphur hetero-atom, the 
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remainder being carbon atoms, said heterocyclic group being otheiwlse unsubstltuted or having at least one 
of substituents <c°), defined below; 

substituents (eg ): 

hydroxy groups, carbamoyl groups, halogen atoms and alkyl groups having from 1 to 3 carbon atoms; 
of which we especially prefer those wherein Q represents an azetidinlo, pyrrolidine, piperidinio, piperazinio, 
homopiperazinio, quinuclidlnio, morpholinlo or thiomorpholinio group, in which the quaternary nitrogen atom is 
said group of formula >N*R 11 R 12 wherein R 11 and R 12 are as defined above, said group being unsubstltuted 
on its carbon atoms or having at least one of substituents (cP), defined above. 

(L) Q represents an alkyl group having from 1 to 3 carbon atoms and substituted by a heterocyclic group having 
from 4 to 10 ring atoms in a single or bridged ring, one of said ring atoms being a quaternary nitrogen atom of 
formula >N+R 11 R 12 wherein; 

R 11 and R 12 are the same or different and each represents an alkyl group having from 1 to 3 carbon atoms 
or a substituted alkyl group having from 1 to 3 carbon atoms and having at least one of substituents (b 8 ), defined 
above; 

and having no other hetero-atoms or having one other nitrogen and/or oxygen and/or sulphur hetero-atom, the 
remainder being carbon atoms, said heterocyclic group being otherwise unsubstltuted or having at least one 
of substituents (c") t defined above; 

of which we especially prefer those wherein Q represents a methyl, ethyl or propyl group substituted by an azeti- 
dinio. pyrrolidine, piperidinio, piperazinio, homopiperazinio, quinuclidinio, morpholinio or thiomorpholinio 
group, in which the quaternary nitrogen atom is said group of formula >N*R 11 R 12 t wherein R 1t and R 12 are as 
defined above, said group being unsubstltuted on its carbon atoms or having at least one of substituents (c 8 ), 
defined above. 

(M) Q represents an alkyl group having from 1 to 3 carbon atoms and substituted by an aromatic heterocyclic 
group having 5 or 6 ring atoms, of which one is a quaternary nitrogen atom of formula 



N+-RH 

/ 

wherein R" represents an alkyl group having from 1 to 3 carbon atoms or a substituted alkyl group having 
from 1 to 3 carbon atoms and having at least one of substituents (b"), defined above; 
and having no other hetero-atoms or having one or two other nitrogen and/or oxygen and/or sulphur hetero- 
atoms, the remainder being carbon atoms, said heterocyclic group being otherwise unsubstltuted or having at 
least one of substituents (c"), defined above; 

of which we especially prefer those wherein Q represents a methyl, ethyl or propyl group substituted by an 
imidazole thiazolio, thiadiazolio, pyrazolio, oxazolio, isoxazolio, triazolio, pyridine, pyrazinio, pyrimidinio or 
pyridazinio group, in which the quaternary nitrogen atom is said group of formula 

/ 

wherein R 11 is as defined above, said group being unsubstltuted on its carbon atoms or having at least 
one substituent selected from methyl, ethyl and propyl substituents. 

Stfll more preferred compounds of the invention are those compounds of formula (I) and salts and esters th reof, 
wherein: 

(N) A represents a fully saturated heterocyclic group having 5 ring atoms, of which one is a nitrogen atom and 
the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or atom R 4 , whe- 
rein: 

R* represents: a hydrogen atom; a methyl group; an thyt group; or a substituted methyl or ethyl group 
which has at least one substituent selected from hydroxy groups, carbamoyl groups and halogen atoms. 
(O) R 2 and Q. together with the nitrogen atom to which they are attached represent a group of formula (II), as 
defined above, wherein: 

m and n are ach 2 or 3; 

R* represents an alkyl group having from 1 to 4 carbon atoms or a substituted alkyl group which has 

44 
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from 1 to 4 carton atoms and which has at least ne substituent selected from hydroxy groups, carboxy groups, 
carbamoyl groups, cyano groups, halogen atoms and amin groups; and 
5 R 7 represents: an alkyl group having from 1 to 3 carbon atoms; or a substituted alkyt group which has 

from 1 to 3 carbon atoms and which has at least one of substituents (b* 3 ), defined below; 
and the carbon atoms of said group of formula (II) are unsubstituted or they are substituted by at least one sub- 
stituent selected from the group consisting of alkyl groups having from 1 to 4 carbon atoms and oxygen atoms; 

10 substituents (bg ): 

hydroxy groups; carboxy groups; groups of formula -NR # R f , where R* and R r are the same or different and 
each represents a hydrogen atoms, methyl groups and ethyl groups; groups of formula -CONRoR h , where Ro 
and R h are the same or different and each represents a hydrogen atom, an alkyl group having from 1 to 3 carbon 

15 atoms or a substituted alkyl group having from 1 to 3 carbon atoms and having at least one substituent selected 
from hydroxy, carboxy, carbamoyl and carbamoyioxy groups; groups of formula -OCONRTO, where R" and RJ 
are the same or different and each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon 
atoms; cyano groups; suiphamoyi groups; u re ido groups; sulpho groups; halogen atoms; alkoxy groups having 
from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 

20 or 3 carbon atoms; alkanoyt amino groups having 2 or 3 carbon atoms; alkanoyloxy groups having 2 or 3 carbon 
atoms; alkyithlo groups having from 1 to 3 carbon atoms; alkylsuiphinyl groups having from 1 to 3 carbon atoms 
and alkylsulphonyi groups having from 1 to 3 carbon atoms, still more preferably wherein said substituents (b 0 ) 
are selected from hydroxy groups; carboxy groups; groups of formula -NR'R*. where R # and R f are the same 
or different and each represents a hydrogen atom, a methyl group or an ethyl group; groups of formula - 

25 CONR«R h , where R« and R h are the same or different and each represents a hydrogen atom, an alkyl group 
having from 1 to 3 carbon atoms or a substituted alkyl group having from 1 to 3 carbon atoms and having at 
least one substituent selected from hydroxy, carboxy and carbamoyl groups; groups of formula -OCONRW, 
where R' and Rl are the same or different and each represents a hydrogen atom or an alkyl group having from 
1 to 3 carbon atoms; cyano groups; suiphamoyi groups; urekJo groups; sulpho groups; halogen atoms; alkoxy 

30 groups having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkan yl 
groups having 2 or 3 carbon atoms; alkanoylamino groups having 2 or 3 carbon atoms; alkanoyloxy groups 
having 2 or 3 carbon atoms; aikylthio groups having from 1 to 3 carbon atoms; alkylsuiphinyl groups having 
from 1 to 3 carbon atoms and alkylsulphonyi groups having from 1 to 3 carbon atoms. 

The most preferred compounds of the present invention are those compounds of formula (1) and salts and 

35 esters thereof, wherein A is as defined in (N) above and R 2 and Q are as defined in (O) above. 

Specific examples of compounds of the present invention are given by the following formulae (M) to (1-6), 
in which the meaning of the substituent groups shown in the formulae are given in the corresponding ne of 
the following Tables 1 to 6, Le. Table 1 relates to formula (H), Table 2 relates to formula (1-2) and so on. In 
Table 6, the dash means a direct bond in place of "(A)*. In the Tables, certain abbreviations are used, which 

40 have the following meanings: 



Ac 


acetyl 


All 


ailyi 


Azr 


azetidinyl 1-cation 


Bu 


butyl 


Car 


carbamoyl 


Et 


ethyl 


Etc 


ethoxycarbonyl 


Imid* 


imidazoiyi 3-cation 


Me 


methyl 


Mec 


methoxycarbonyl 


Mor* 


morpholino 4-cation 


Pip* 


piperidyi 1-cation 


Ft 


propyl 




propargyl (= 2-propynyl) - 


Pym* 


pyrimidinyl 1-cation 


Pyr* 


pyrldyt 1-cation 


Pyrd* 


pyrroiidinyl 1-cation 


Pyzrr* 


pyridazinyi 1-cation 


Qnu* 


quinudidlnyi 1-cation 


Sam 


suiphamoyi 
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Sfo sulph 

Thdz* 1 ,2,4-thiadiazolyi 4-cation 

5 Thiz* thiazolyl 3-cation 

Ur ureido 



10 



15 



20 



I 

N O (CH 2 ) m R 6 

i / \ II / \©/ 

OH Rl H2C CH-C-N N 

" I II \ / \ , 

CH H CH S-CH— CH 2 (CH 2 ) n R (1-1) 
/ \ 1/ \ / 
H3C CH-C C 

I I II 
C — N C 

o ^COO® 



R4 

25 I 



OH 



N 



R 1 H 2 C CH-C-Nr2-(CH 2 ) d -Z (1-2) 

I I I I P 
30 CH H CH S-CH CH 2 

/ \ 1/ \ / 
H3C CH-C C 

I I II 
C — N C 

\ 



35 



CO 



o© 



40 



OH 



R4 

I 

NO Ra 

/ \ II | @ 



R 1 H 2 C CH-C-NR 2 - ( CH 2 ) D -N-R^ (1-3) 

fill I 
45 CH H CH S-CH^_CH 2 RC 

/ \ 1/ \ / 
H3C CH-C C 

I I II 
C N C 

o V coo© 
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H Rd R e 

1 ^ / c 

N O CH-CH RO 

OH Rl H 2 C CH-C-N 7 ^ 

I I II \ / \ 

CH HCH S-CH — CH 2 CH-CH 2 CH 3 

/ \ 1/ \ / / 3 

H 3 C CH-C C Rt 

I I II 
C N C 

o ^cooP 



H 0 
1 * 

N O C — CH2 R 6 

i / \ II / \©/ 

OH Rl H 2 C CH-C-N N 

I. I II \ / \ 

H CH S-CH — CH 2 H 2 C CH 2 CH 3 



CH 



/ \ 1/ \ / 
H 3 C CH-C C 

I I II 
C N C 

O ^COO® 



OH Rl (A) O H 2 C CH 2 CH3 

I I / \ II / \©/ 

CH H CH S-CH CH-C-N N 

/ \ 1/ \ / \ / \ / \ 

H 3 C CH-C C (B) <CH2)n CH 3 

C N C 

O ^COO® 
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Tabl 1 



Cpd. 
No. Rl 



R4 



R6 



R7 



m n 



10 





1-1 


H 


H 


He 


Me 


2 


2 


1S 


1-2 


H 


H 


Me 


Me 


2 


3 




1-3 


H 


H 


MecCH 2 


Me 


2 


2 




1-4 


H 


H 


2-HOEt 


Me 


2 


2 


20 


1-5 
1-6 


H 
H 


H 
H 


CarCH 2 
NCCH 2 


Me 
Me 


2 
2 


2 
2 




1-7 


H 


H 


HOOCCH 2 


Me 


2 


2 




1-8 


H 


H 


2-NH,Et 


Me 


2 


2 


25 


1-9 


H 


H 


2-CarOEt 


Me 


2 


2 




1-10 


H 


H 


3-HOPr 


Me 


2 


2 




1-11 


H 


H 


AcCH, 


Me 


2 


2 


30 


1-12 


H 


H 


2-MeOEt 


Me 


2 


2 




1-13 


H 


H 


2-SfoEt 


Me 


2 


2 




1-14 


H 


H 


MeSCH 2 


Me 


2 


2 




1-15 


H 


H 


MeS(0)CH 2 


Me 


2 


2 


35 


1-16 


H 


H 


MeS(0 2 )CH 2 


Me 


2 


2 




1-17 


H 


Me 


Me 


Me 


2 


2 




1-18 


H 


Et 


Me 


Me 


2 


2 


40 


1-19 


H 


CarCH 2 


Me 


Me 


2 


2 




1-20 


H 


2-HOEt 


Me 


Me 


2 


2 




1-21 


H 


2-FEt 


Me 


Me 


2 


2 


45 


1-22 
1-23 


H 
H 


HOOCCH 2 
NCCH 2 


Me 
Me 


Me 
Me 


2 
2 


2 
2 




1-24 


H 


H 


Et 


Me 


2 


2 




1-25 


H 


H 


2-FEt 


Me 


2 


2 


50 


1-26 


H 


H 


Et 


Et 


2 


2 




1-27 


H 


H 


Me 


2-HOEt 


2 


3 




. 1-28 


H 


H 


Me 


CarCH 2 


2 


3 



55 
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Table 1 rcontt 

5 



10 


Cpd . 
No. 


1 
R A 


4 




7 

R 


m 


n 




1-29 


H 


H 


Me 


H00CCH 2 


2 


3 


15 


1-30 


H 


H 


Me 


2-FEt 


2 


3 




1-31 


H 


H 


Me 


2-NH 2 Et 


2 


3 




1-32 


H 


He 


Me 


Me 


2 


2 


20 


1-33 


H 


Et 


Me 


Me 


2 


3 




1-34 


H 


2-HOEt 


Me 


Me 


2 


3 




1-35 


H 


2-FEt 


Me 


Me 


2 


3 




1-36 


H 


H00CCH 2 


Me 


Me 


2 


3 


OK 


1-37 


H 


CarCH 2 


Me 


Me 


2 


3 




1-38 


H 


NCCH 2 


Me 


Me 


2 


3 




1-39 


H 


H 


Me 


2-SfoEt 


2 


3 


30 


1-40 


H 


H 


Me 


2-SamEt 


2 


2 




1-41 


H 


H 


Me 


2-CarOEt 


2 


3 




1-42 


H 


H 


Me 


2-SamEt 


2 


3 




1-43 


H 


H 


Me 


All 


2 


2 


35 


1-44 








* 








H 


H 


Me 


Prg 


2 


2 




1-45 


H 


H 


Me 


(MeCar)CH 2 


2 


2 




1-46 


H 


CH 3 C( :NH)- 


Me 


Me 


2 


2 


40 


1-47 


H 


NH:CH- 


Me 


Me 


2 


2 




1-48 


H 


All 


Me 


Me 


2 


2 




1-49 


H 


Prg 


Me 


Me 


2 


2 


45 


1-50 


H 


H 


Me 


2-CarEt 


2 


2 


1-51 


H 


H 


Me 


2-UrEt 


2 


2 




1-52 


H 


H 


Me 


3-HOBu 


2 


2 




1-53 


H 


CH 3 C{ : NH ) - 


Me 


Me 


2 


3 


SO 


1-54 


H 


H 


Me 


2-CarEt 


2 


3 




1-55 


H 


NHtCH- 


Me 


Me 


2 


3 




1-56 


H 


H 


Pr 


2-CarOBt 


2 


3 



55 
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Table 1 fcontl 



Cpd. 
No. 



10 



m 



n 





1-57 


H 


H 


Me 


15 


1-58 


H 


H 


He 




1-59 


H 


H 


Me 




1-60 


H 


H 


Me 




1-61 


H 


H 


Me 


20 


1-62 


H 


H 


Me 




1-63 


H 


H 


Me 




1-64 


H 


H 


Me 


25 


1-65 


H 


H 


Me 




1-66 


H 


H 


Me 




1-67 


H 


H 


Me 




1-68 


H 


H 


Me 


30 












1-69 


H 


H 


Me 




1-70 


H 


H 


Me 




1-71 


H 


H 


Me 


35 


1-72 


H 


H 


Me 




1-73 


H 


H 


Me 




1-74 


H 


H 


Me 


40 


1-75 


H 


H 


Me 




1-76 


H 


H 


Me 




1-77 


H 


H 


Me 




1-78 


H 


H 


2-HOEt 


45 


1-79 










H 


H 


Me 




1-80 


H 


H 


Me 




1-81 


H 


H 


Et 


SO 


1-82 


H 


H 


Et 




1-83 


H 


H 


Et 




1-84 


H 


H 


Et 



55 



All 


2 


3 


2-(MeCar)Et 


2 


3 


EtcCH 2 


2 


2 


2-(AcNH)Et 


2 


2 


2-(AcO)Et 


2 


2 


(diMeCar)CH^ 

4& 


2 


2 


(2-HOEtCar)CH 2 


2 


2 


(HOOCCH-Car)CH, 


2 


2 


(CarCH 2 Car)CH 2 


2 


2 


2-H00CEt 


2 


2 


( 2-CarOEt)CarCH 2 


2 


2 


2-HOPr 


2 


2 


2-(diMeCarO)Et 


2 


2 


2,3-diHOPr 


2 


2 


3-SfoPr 


2 


2 


NCCH 2 


2 


3 


(MeCar)CH 2 


2 


3 


(diMeCar)CH 2 


2 


3 


(2-HOEtCar)CH 2 


2 


3 


AcCH 2 


2 


3 


2-HOPr 


2 


3 


2-HOEt 


2 


3 


(HOOCCH 2 Car)CH 2 


2 


3 


2-HOOCEt 


2 


3 


2-HOEt 


2 


2 


2-CarOEt 


2 


2 


CarCH 2 


2 


2 


HOOCCH 2 


2 


2 
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Table 1 fcont) 



Cpd. 
No. 



10 





1-85 


H 


H 


Et 


2-HOEt 


2 


3 


15 


1-86 


H 


H 


Et 


2-CarOEt 


2 


3 




1-87 


H 


H 


Et 


CarCH 2 


2 


3 




1-88 


H 


H 


Et 


HOOCCH 2 


2 


3 


20 


1-89 


H 


H 


He 


2-FEt 


2 


3 




1-90 


H 


H 


CarCH 2 


CarCH 2 


2 


2 




1-91 


H 


H 


2-HOEt 


HOOCCH 2 


2 


2 




1-92 


H 


H 


2-HOEt 


CarCH 2 


2 


2 


25 


1-93 


H 


H 


2-CarOEt 


2-HOEt 


2 


2 




1-94 


H 


H 


2-HOEt 


2-HOEt 


2 


3 




1-95 


H 


H 


2-CarOEt 


2-HOEt 


2 


3 


30 


1-96 


H 


H 


HOOCCHj 


2-HOEt 


2 


3 




1-97 


H 


H 


2-HOEt 


CarCH 2 


2 


3 




1-98 


H 


H 


MecCH 2 


Me 


2 


3 




1-99 
1-100 


H 
H 


H 
H 


EtcCH 2 
EtcCH 2 


Me 
Me 


2 
2 


3 
2 




1-101 


H 


H 


2-MeOEt 


Me 


2 


3 




1-102 


H 


H 


2-AcOEt 


Me 


2 


3 


40 


1-103 


H 


3-SfoPr 


Me 


Me 


2 


2 




1-104 


H 


SamCHj 


He 


Me 


2 


2 




1-105 


H 


2-NH 2 Et 


Me . 


Me 


2 


2 


4S 


1-106 


H 


H 


2-HOEt 


2-NH 2 Et 


2 


2 




1-107 


H 


2-(MeNH)Et 


Me 


Me 


2 


2 




1-108 


H 


2-(diMeN)Et 


Me 


Me 


2 


2 


SO 


1-109 


H 


H 


2-(MeNH)Et 


Me 


2 


2 


1-110 


H 


H 


2-(dlMeN)Et 


Me 


2 


2 




1-111 


H 


H 


2-(HeNH)Et 


Me 


2 


3 




1-112 


H 


H 


2-(dlMeN)Et Me 


2 


3 



55 
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10 



Cpd. 
No. 



R' 



m 





1-113 


Me 


H 


Me 


Me 


2 


2 


15 


1-114 


He 


H 


Me 


Me 


2 


3 




1-115 


Me 


H 


MecCH- 
2 


Me 


2 


2 




1-116 


Me 


H 


2-HOEt 


Me 


2 




20 


1-117 


Me 


H 


CarCH„ 
2 


Me 


. 2 


2 




1-118 


Me 


H 


NCCH 2 


Me 


2 


2 




1-119 


Me 


H 


HOOCCHj 


Me 


2 


2 


25 


1-120 


Me 


H 


2-NH 2 Et 


Me 


2 


2 


1-121 


Me 


H 


2-CarOEt 


Me 


2 


2 




1-122 


Me 


H 


3-HOPr 


Me 


2 


2 




1-123 


Me 


H 


AcCH- 
2 


Me 


2 


2 


30 


1-124 


Me 


H 


2-MeOEt 


Me 


2 


2 




1-125 


Me 


H 


2-SfoEt 


Me 


2 


2 




1-126 


Me 


H 


MeSCH- 
2 


Me 


2 


2 




1-127 


Me 


H 


MeS ( O 1 CH« 


Me 


o 


2 




1-128 


Me 


H 


MeS(0 2 )CH 2 


Me 


2 


2 




1-129 


Me 


Me 


Me 


Me 


2 


2 


40 


1-130 


Me 


Et 


Me 


Me 


2 


2 


1-131 


Me 


CarCH 2 


Me 


Me 


2 


2 




1-132 


Me 


2-HOEt 


Me 


Me 


2 


2 




1-133 


Me 


2-FEt 


Me 


Me 


2 


2 


45 


1-134 


Me 


H00CCH 2 


Me 


Me 


2 


2 




1-135 


Me 


NCCH 2 


Me 


Me 


2 


2 




1-136 


Me 


H 


Et 


Me 


2 


2 


50 


1-137 


Me 


H 


2-FEt 


Me 


2 


2 




1-138 


Me 


H 


Et 


Et 


2 


2 




1-139 


Me 


H 


Me 


2-HOEt 


2 


3 




1-140 


M 


H 


Me 


CarCH- 


2 


3 



55 
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Ek H 



Cpd. 
No. R 3 



1-141 


Me 


H 


Me 


H00CCH 2 


2 


3 


1-142 


Me 


H 


Me 


2-FEt 


2 


3 


1-143 


Me 


H 


Me 


2-NH 2 Et 


2 


3 


1-144 


Me 


Me 


Me 


Me 


2 


2 


1-145 


Me 


Et 


Me 


Me 


2 


3 


1-146 


Me 


2-HOEt 


Me 


Me 


2 


3 


1-147 


Me 


2-FEt 


Me 


Me 


2 


3 


1-148 


Me 


H00CCH 2 


Me 


Me 


2 


3 


1-149 


Me 


CarCH 2 


Me 


Me 


2 


3 


1-150 


Me 


NCCH 2 


Me 


Me 


2 


3 


1-151 


Me 


H 


Me 


2-SfoEt 


2 


3 


1-152 


Me 


H 


Me 


2-SaraEt 


2 


2 


1-153 


Me 


H 


Me 


2-CarOEt 


2 


3 


1-154 


Me 


H 


Me 


2-SamEt 


2 


3 


1-155 


Me 


H 


Me 


All 


2 


2 


1-156 


Me 


H 


Me 


Prg 


2 


2 


1-157 


Me 


H 


Me 


(MeCar)CH 2 


2 


2 


1-158 


Me 


CH 3 C( :NH) - 


Me 


Me 


2 


2 


1-159 


Me 


NH:CH- 


Me 


Me 


2 


2 


1-160 


Me 


All 


Me 


Me 


2 


2 


1-161 


Me 


Prg 


Me 


Me 


2 


2 


1-162 


Me 


H 


Me 


2-CarEt 


2 


2 


1-163 


Me 


H 


Me 


2-UrEt 


2 


2 


1-164 


Me 


H 


Me 


3-HOBu 


2 


2 


1-165 


Me 


CH 3 C( : NH ) - 


Me 


Me 


2 


3 


1-166 


Me 


H 


Me 


2-CarEt 


2 


3 


1-167 


Me 


NH:CH- 


Me 


Me 


2 


3 


1-168 


Me 


H 


Pr 


2-CarOEt 


2 


3 



23 
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m 



10 



Cpd. 
No. 



15 


1-* 

X. « 


I fit} 


Ma 


it 


Ma 


Alx 


2 


3 




L / U 


u a 

nc 


ri 


we 


2-(weCar )Et 


2 


3 




1-' 
X * 


L71 

L / X 




tl 


Ma 

we 


EtCCHj 


2 


2 






L72 


Ma 


£1 


Ma 

we 


( ACNnjEt 


2 


2 


20 


1-] 


L73 


Me 


H 
** 


Me 
lie 




2 


2 




l_i 


L74 




XJ 

n 


we 


( a i we car ) CHj 


2 


2 




1-1 

X , 


L 7«5 


Ma 


n 


Ma 

we 


( 2-HOEtCar JCHj 


2 


2 


25 


1-1 


L / O 


Ma 


XI 


we 


( HOOCCHjCar ) CH 2 


2 


2 




1 — 1 


1 77 

Lit 


Ma 


rl 


we 


( CarCH 2 Car ) CHj 


2 


2 




1-] 


L78 


Ma 


tx 


we 


2— HOOCEt 


2 


2 




1 — 1 

X — . 


79 


Ma 


rl 


Ma 

we 


( 2-CarOEt jCarCHj 


2 


2 


30 


1-1 

X « 


180 

LOU 


Ma 


IT 

n 


Ma 

we 


2 -HOPr 


2 


2 




1— ] 


L81 


Ma 


w 
tx 


Ma 

we 


2 - ( axMeCarO ) Et 


2 


2 




1 — 1 

X — ^ . 


182 


Ma 

CMS 


IT 

tx 


Ma 

we 


2 , 3— alHOPr 


2 


2 


35 


1-J 


L83 


Ma 


n 


Ma 

we 


J— sropr 


2 


2 




X — J 


QA 
LO*ft 


we 


IT 

H 


Me 


NCCH 2 


2 


3 




1-] 


L85 


Me 


H 


Me 


(MeCar)CH 2 


2 


3 


40 


1-1 


L86 


Me 


H 


Me 


(diMeCar)CH 2 


2 


3 


1-] 


L87 


Me 


H 


Me 


(2-HOEt:Car)CH 2 


2 


3 




1-] 


L88 


Me 


H 


Me 


AcCH 2 


2 


3 




1-] 


L89 


Me 


H 


Me 


2 -HOPr 


2 


3 


45 


1-] 


L90 


Me 


H 


2-HOEt 


2-HOEt 


2 


3 




1-] 


L91 


Me 


H 


Me 


(H0OCCH 2 Car)CH 2 


2 


3 




1-] 


L92 


Me 


H 


Me 


2-HOOCEt 


2 


3 


SO 


1-] 


L93 


Me 


H 


Et 


2-HOEt 


2 


2 




1-] 


L94 


Me 


H 


Et 


2-CarOEt 


2 


2 




1-] 


L9S 


Me 


H 


Et 


CarCH 2 


2 


2 


55 


1-] 


L96 


Me 


H 


Et 


HOOCCH 2 


2 


2 


1-] 


L97 


Me 


H 


Et 


2-HOEt 


2 


3 
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Table 1 fcontl 



Cpd» 
No. 



m 



1-19B 


Me 


H 


Et 


2-CarOEt 


2 


3 


1-199 


Me 


H 


Et 


CarCH 2 


2 


3 


1-200 


Me 


H 


Et 


HOOCCH 2 


2 


3 


1-201 


Me 


H 


Me 


2-FEt 


2 


3 


1-202 


Me 


H 


CarCH 2 


CarCH 2 


2 


2 


1-203 


Me 


H 


2-HOEt 


HOOCCH 2 


2 


2 


1-204 


Me 


H 


2-HOEt 


CarCH 2 


2 


2 


1-205 


Me 


H 


2-CarOEt 


2-HOEt 


2 


2 


1-206 


Me 


H 


2-HOEt 


2-HOEt 


2 


3 


1-207 


Me 


H 


2-CarOEt 


2-HOEt 


2 


3 


1-208 


Me 


H 


H00CCH 2 


2-HOEt 


2 


3 


1-209 


Me 


H 


2-HOEt 


CarCH 2 


2 


3 


1-210 


Me 


H 


MecCH 2 


Me 


2 


3 


1-211 


Me 


H 


EtcCH 2 


Me 


2 


3 


1-212 


Me 


H 


EtcCH 2 


Me 


2 


2 


1-213 


Me 


H 


2-MeOEt 


Me 


2 


3 


1-214 


Me 


H 


2-AcOEt 


Me 


2 


3 


1-215 


Me 


3-SfoPr 


Me 


Me 


2 


2 


1-216 


Me 


SamCH 2 


Me 


Me 


2 


2 


1-217 


Me 


2-NH 2 Et 


Me 


Me 


2 


2 


1-218 


Me 


H 


2-HOEt 


2-NH 2 Et 


2 


2 


1-219 


Me 


2-(MeNH)Et 


Me 


Me 


2 


2 


1-220 


Me 


2-(diMeN)Et 


Me 


Me 


2 


2 


1-221 


Me 


H 


2-(MeNH)Et 


Me 


2 


2 


1-222 


Me 


H 


2-(diMeN)Et 


Me 


2 


2 


1-223 


Me 


H 


2-(MeNH)Et 


Me 


2 


3 


1-224 


Me 


H 


2-(diMeN)Et Me 


2 


3 


1-225 


H 


H 


Me 


3-SfoPr 


2 


3 


1-226 


M 


H 


Me 


3-SfoPr 


2 


3 



25 
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Tabl 2 

5 



10 


Cpd. 
No. 


R 1 


R 2 


R 4 




z + 




2-1 


H 


H 


H 


1 


l-Me-4-Pvr + 


15 


2-2 


H 


H 


H 


1 


1-Me— 3— Pyr + 




2-3 


H 


H 


H 


1 


1 -Me — 2 - Pvr + 




2-4 


H 


H 


H 


2 


1 * 1-diMp-?-PvrH + 


20 


2-5 


H 


H 


H 


o 


1— Me— 3— On» + 

i— IXtS — J— yi4U 


2-6 


H 


H 


\i 
n 


n 


i f x— aine- o— xryxa 




2-7 


H 


H 


H 


n 


X f X UiXie~T-rip 




2-8 


H 




H 


n 


1 1 -HlMo.Q.Dfn^ 

x f x— aine- j— JrXp 


25 


2-9 


H 


H 


U 
li 




j- , j.— axne- z— Jryara 




2-10 


H 


u 


u 
n 




x — c» u — x — we — z — Fyxa 




2-11 


H 


Me 


u 

n 




X f X— ax-Pi©— ^— irXp 


30 


2-12 


H 


H 


n 




x f x — axjcie— o— az t 




2-13 


H 


H 






1 1_H { Wo.A-Tmlri"*' 

x / j— axiie— ■*— xnixa 




2-14 


H 


H 






\ A— H \ Mo-^-Th 

>j / ■*— ctx-n.e— j— iniz 




2-15 


H 


H 


H 




3-Me-4-Thiz + 


35 


2-16 


H 


H 


H 




1 -Me- 3 -Pvzn + 




2-17 


H 


H 


H 




1 -Me— 4 — Pvm + 

» * ¥111 




2-18 


H 


H 


H 




4-Me-3-Thdz + 


40 


2-19 


H 


H 


H 




4 . 4-diMe-2-Mor ,+ 




2-20 


H 


H 


H 




1 , l-diKe-4-Pip + 




2-21 


H 


H 


H 


2 


l,l-diMe-4-Pip + 




2-22 


H 


H 


H 


2 


l-Me-2-Pyr + 


45 


2-23 


H 


H 


H 


1 


l,l-diMe-2-Pip + 




2-24 


H 


H 


H 


0 


l-( 2-HOEt )-l-Me-3-Pyrd + 




2-25 


H 


H 


H 


0 


1- ( 2-CarEt ) -l-Me-3-Pyrd + 


50 


2-26 


H 


H 


H 


0 


1- ( 2-FEt ) -l-Me-3-Pyrd + 




2-27 


H 


H 


H 


0 


l-(2-NCEt)-l-Me-3-Pyrd + _. 




2-28 


H 


H 


H 


0 


1- ( 2-CarOEt ) -l-Me-3-Pyrd + 



53 



EP 0 443 883 A1 

Table 2 fcontl 



Cpd . 
NO. 


i 

R 


R Z 


A 

R 


R 


z + 


2-29 


H 


H 


H 


0 


1- ( 2-SfoEt ) -l-Me-3-Pyrd + 


2-30 


H 


H 


H 


0 


1 , l-diMe-4-HO-3-Pyrd + 


2-31 


M 


H 


H 


0 


1 , l-d±Me-4-F-3-Pyrd + 


2-32 


H 


H 


H 


1 


1 

4-Et-4-Me-2-Mor 


2-33 


H 


H 


H 


0 


l,l-diMe-3-Azt 


2-34 


H 


H 


H 


0 


1 - ( 2 -HOEt ) - 1 -Me- 3 -Az t + 


2-35 


H 


H 


H 


0 


i 

1- ( 2-FEt ) -l-Me-3-Azt 


2-36 


H 


H 


H 


0 


1 - ( CarCH 2 ) -l -Me- 3 -Azt + 


2-37 


H 


H 


H 


0 


1- ( 2-CarEt ) -l-Me-3-Azt + 


2-38 


H 


H 


H 


0 


1 - ( 2 -CarOEt ) - 1 -Me- 3 -Az t + 


2-39 


H 


H 


H 


0 


1- ( H00CCH 2 ) - 1 -Me- 3-Azt + 


2-40 


H 


H 


H 


0 


l-All-l-Me-3-Azt + 


2-41 


H 


H 


H 


0 


l-Prg-l-Me-3-Azt + 


2-42 


H 


H 


H 


0 


1- ( 2-MeOEt ) -l-Me-3-Azt + 


2-43 


H 


H 


H 


0 


1 - ( AcCH 2 ) - 1 -Me- 3-Az t + 


2-44 


H 


H 


H 


0 


1 - ( 2-NH 2 Et ) - 1 -Me- 3 -Az t + 


2-45 


H 


H 


H 


0 


1- ( 2-Sf oEt) -l-Me-3-Azt + 


2-46 


H 


H 


H 


0 


1- (HOOCCH 2 ) -l-Me-3-Pyrd + 


2-47 


Me 


H 


H 


1 


l-Me-4-Pyr + 


2-48 


Me 


H 


H 


1 


l-Me-3-Pyr + 


2-49 


Me 


H 


H 


1 


l-Me-2-Pyr + 


2-50 


Me 


H 


H 


2 


1 , l-diMe-2-Pyrd + 


2-51 


Me 


H 


H 


0 


l-Me-3-Qnu + 


2-52 


Me 


H 


H 


0 


1 , l-diMe-3-Pyrd + 


2-53 


Me 


H 


H 


0 


l,l-diMe-4-Pip + 


2-54 


Me 


H 


H 


0 


l,l-diMe-3-Pip + 


2-55 


Me 


H 


H 


1 


1 , l-diMe-2-Pyrd + 


2-56 


Me 


H 


H 


1 


1 -Et- 1 -Me- 2 -Pyrd + 
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Table 2 fcont) 



Cpd. 



No. 


R 


R 


„4 
R 


& 


z 


2-57 


Me 


Me 


H 


0 


1 , l-diMe-4-Pip 


2-58 


Me 


H 


H 


1 


l,l-diMe-3-Azt + 


2-59 


Me 


H 


H 


1 


1, 3-diMe-4-Imid 4 * 


2-60 


Me 


H 


H 


2 


3,4-diMe-5-Thiz + 


2-61 


Me 


H 


H 


1 


3-Me-4-Thiz + 


2-62 


Me 


H 


H 


1 


l-Me-3-Pyzn + 


2-63 


Me 


H 


H 


1 


l-Me-4-Pym + 


2-64 


Me 


H 


H 


2 


4-Me-3-Thdz + 


2-65 


Me 


H 


H 


1 


4 , 4-diMe-2-Mor + 


2—66 


Me 


H 


H 


1 


l,l-diMe-4-Pip + 


2-67 


Me 


H 


H 


2 


l,l-diMe-4-Pip + 


2-68 


Me 


H 


H 


2 


l-Me-2-Pyr + 


2-69 


Me 


H 


H 


1 


l,l-diMe-2-Pip + 


2—70 


Me 


H 


H 


0 


1- ( 2-HOEt ) -l-Me-3-Pyrd + 


2-71 


Me 


H 


H 


0 


1 - ( 2 -Car E t ) - 1 -Me- 3 - Pyrd + 


2-72 


Me 


H 


H 


0 


1- ( 2-FEt ) -l-Me-3-Pyrd 


2-73 


Me 


H 


H 


0 


1- ( 2-NCEt ) -l-Me-3-Pyrd + 


2-74 


Me 


H 


H 


0 


1- ( 2-CarOEt ) -l-Me-3-Pyrd 


2-75 


Me 


H 


H 


0 


1- ( 2-SfoEt ) -L-Me-3-Pyrd 


2-76 


Me 


H 


H 


0 


1 , l-diMe-4-HO-3-Pyrd + 


2-77 


Me 


H 


H 


0 


1 , l-diMe-4-F-3-Pyrd + 


2-78 


Me 


H 


H 


1 


4,4-diMe-2-Mor + 


2-79 


Me 


H 


H 


0 


l,l-diMe-3-Azt + 


2-80 


Me 


H 


H 


0 


1- ( 2-HOEt ) -l-Me-3-Azt + 


2-81 


Me 


H 


H 


0 


1 - ( 2 -FEt ) - 1 -Me- 3 -Azt + 


2-82 


Me 


H 


H 


0 


1- (CarCHj ) -l-Me-3-Azt + 


2-83 


Me 


H 


H 


0 


l-(2-CarEt)-l-Me-3-Azt + 


2-84 


Me 


H 


H 


- 0 


1 - ( 2 -CarOEt ) - 1 -Me- 3-Az t + 



9A 
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Table 2 fcorrtl 



10 


Cpd. 
No. 


R 1 


R 2 


R 4 


R 


Z + 


15 


2-85 


He 


H 


H 


0 


l-(HOOCCH 2 )-l-Me-3-Azt + 




2.86 


Me 


H 


H 


0 


l-All-l-Me-3-Azt + 




2-87 


Me 


H 


H 


0 


1 -Prg- 1 -Me- 3 -Azt + 




2-88 


Me 


H 


H 


0 


1- ( 2-MeOEt )-l-Me-3-Azt + 


20 


2-89 


Me 


H 


H 


0 


l-(AcCH 2 )-l-Me-3-Azt + 




2-90 


Me 


H 


H 


0 


1- ( 2-NH 2 Et ) -l-Me-3-Azt + 




2-91 


Me 


H 


H 


0 


l-(2-SfoEt)-l-Me-3-Azt + 


25 


2-92 


Me 


H 


H 


0 


1 - ( H00CCH 2 ) - l-Me-3-Pyrd + 



30 



35 



40 



45 



50 



65 
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Table 3 



Cpd. 



10 


No. 


R 1 


R 2 


R 4 


±L 


R 3 


R b 


ft 




3-1 


H 


H 


H 




Mo 




Uf A 

Me 


15 


3-2 


H 


H 


u 
rx 






Me 


2-HOEt 




3-3 


H 


H 


H 


"5 




pie 


Me 




3-4 


H 


H 

n 


12 

XX 




xie 


Me 


HOOCCHj 


9/1 


3-5 


H 


U 

n 


tr 

XX 




iua 
Me 


Me 


CarCHj 




3-6 


u 
xi 


xl 




*> 
z 


Me 


Me 


Me 




3-7 


tx 

XI 


u 

XI 


^ — rlUEu 




Me 


Me 


Me 


25 


3-8 

«J — o 


u 

XI 


n 


rlOuCCii2 


2 


Me 


Me 


Me 


3-9 


H 


H 


CarCH 2 


2 


Me 


Me 


Me 




3-10 


Me 


H 


H 


2 


Me 


Me 


Me 




3-11 


Me 


H 


H 


2 


Me 


Me 


2-HOEt 


30 


3-12 


Me 


H 


H 


3 


Me 


Me 


Me 




3-13 


Me 


H 


H 


2 


Me 


Me 


H00CCH 2 




3-14 


Me 


H 


H 


2 


Me 


Me 


CarCH 2 


35 


3-15 


Me 


H 


Me 


2 


Me 


Me 


Me 




3-16 


Me 


H 


2-HOEt 


2 


Me 


Me 


Me 




3-17 


Me 


H 


H0OCCH 2 


2 


Me 


Me 


Me 




3-18 


Me 


H 


CarCH 2 


2 


Me 


Me 


Me 



40 



45 



50 



55 



an 
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Table 4 



Cpd. 



10 


No. 


1 
R x 


R a 


R e 


R f 


R 




4-1 


H 


H 


Me 


H 


Me 


15 


4-2 


H 


Me 


H 


H 


Me 




4-3 


H 


Me 


H 


Me 


Me 




4-4 


H 


H 


Me 


H 


2-HOEt 


20 


4-5 


H 


H 


Me 


H 


2-CarOEt 


4-6 


H 


H 


Me 


H 


H00CCH 2 




4-7 


H 


H 


Me 


H 


CarCH 2 




4-8 


H 


H 


Me 


H 


2-MeOEt 


25 


4-9 


Me 


H 


Me 


H 


Me 




4-10 


Me 


Me 


H 


H 


Me 




4-11 


Me 


Me 


H 


Me 


Me 


30 


4-12 


Me 


H 


Me 


H 


2-HOEt 


4-13 


Me 


H 


Me 


H 


2-CarOEt 




4-14 


Me 


H 


Me 


H 


HOOCCH 2 




4-15 


Me 


H 


Me 


H 


CarCH 2 


35 


4-16 


Me 


H 


Me 


H 


2-MeOEt 



40 



45 



50 



65 
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Table 5 

5 



Cpd. 

No, R 1 r 6 

10 





5-1 


H 


Me 


15 


5-2 


H 


2-HOEt 




5-3 


H 


CarCH 2 




5-4 


H 


2-CarOEt 


20 


5-5 


H 


HOOCCH 2 


5-6 


Me 


Me 




5-7 


Me 


2-HOEt 




5-8 


Me 


CarCH 2 


25 


5-9 


Me 


2-CarOEt 




5-10 


Me 


HOOCCH 2 



30 



Table 6 



35 





Cpd. 
NO. 


R 1 


(A) 


(B) 


n 


40 


6-1 


H 




-CH 2 -NH- 


2 


45 


6-2 


H 


-CH 2 CH 2 - 


-CH 2 -MH- 


2 


6-3 


H 


-CH 2 - 


-NH- 


3 




6-4 


H 




-CH 2 -NH- 


3 




6-5 


Me 




-CH 2 -NH- 


2 


50 


6-6 


Me 


-CH 2 CH 2 - 


-CH 2 -MH- 


2 




6-7 


Me 


-CH 2 - 


-NH- 


3 




6-8 


Me 




-CH 2 -NH- 


3 



55 



Of the compounds listed above, the most preferred ones are Compounds Noj 
1-113, 242^4,4-DimethyM^lperazInio^ 
bapen-2-em-3~carboxy!ate, especially the (1f^5S,6S)-24(2S,4§)-2H^ l 4-dto^ 

roUd!n^yIthIo]^(1£^14iydiT>xyethylM and itsfluorosulpho- 
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nate, hemlsulphate and hydrochlorid ; 

1-114. 2-P-(4,4-Dimethyl-1-homoplp razIntocart>onyi)-pyTOlidin^ylthiol-6-(1-hydroxy thyi )-1 -methyl- 1 - 
c^rt>aperv2-env3-cartx)xytate, especially the (1 R,5S,6S>2-{(2S, 4S)^2-{4 f 4-dlmethyH-homoplperazinlocar- 
bonyO-pynt)lldIn-4-ylthlol-6-{(1 R)-1 -hydroxyethyl]-1 -methyM -carbapen-2-em-3-carbaxy1ate Isomer, and its 
hemlsulphate and hydrochloride; 

1-116. 2-{2-[4-(2-Hydroxyemyl)-4-memyi-1-plp^ 
methyM -carbapen-2^m-3-carboxyiate f especially the (1R,5S,6S)-2-{(2S v 4^2-[^2-hy^ 
1 -plperazinIocarbonyl]pymDlId!rH4-yith!o}-^-{(1 R)-1 -hydroxyethylj-l -memyM-carbaperv2-em-3-carboo^ate 
Isomer, and its fluorosulphonate, hemlsulphate and hydrochloride; 

1-117. 2-p-(4-CarbamoyimemyMHnethyl-1-piperazlniocar^ 
m^thy^1-caroapen-2-em-3-carboxylate t especially its (1R,5^6^2-{(2S,4S)-2-{4-<»roamoylrTO 
1-piperaziniocart>onyQpynrolldIn-4-tf^ 
isomer, and its hemlsulphate and hydrochloride; 

1-119. 2-[2-(4-Cait>oxymeth^-4-metayM-p^^ 
methyt-1-carbapen-2-em-3-carboxyiate, especially its (1R,5S,6S)-2-[(2S,4S)-2K4-caito 
piperazinlocari>onyl)pyffolidIn^ylmio]^ 
isomer; 

1-121. 2-(2-{4-(2-Carbamoyloxyethyl)-4-methyl-1 -piperazlniocarbonyQpyn^idin-4-ylthio}-6-(1 -hydroxy e- 
myl>-1-methyl-1-cart)apen-2-em-3-carboxylate ( especially its (1R,5S,6S)-2-{(2S t 4S>-2-{4-<2-car. 
bamoyloxyethyt)-4-memyl-1-pipei^iniocaitonyl}-pyn-didln^ 

bapen-2-em-3-carboxylate isomer, and Its fluorosulphonate, hemlsulphate and hydrochloride; 

1 -1 39. 2-{2-[4-(2-Hydroxyethy1)-4-methyl-1 -homopiperazlnlocarbonyQpyrrot idin-4-ylthlo}-6-{1 -hydroxy e- 
th yf )- 1 -methyl- 1 -carbap a n-2-em-3-car boxy la te , especially its (1R,5S,6S)-2-{(2S,4S}-2-{4-(2-hydroxyethyl)-4- 
methyl-1-honrK>piperaziniocaroonyl]pyr^ 
carboxylate isomer, and its hemlsulphate and hydrochloride; 

1-140. 2-p-(4-Carbamoylmethyl-4HT»ethyM-hom xy- 
emyl)-1-methyl-1-caroapen-2-em-3-carboxyiate t especially its (1R,5S f 6S>-2-((2S t 4§)-2-(4-carbamoylmethyl- 
4-methyM-homopiperazinfoc»rbonyl)pyrrolid^^ 
3-carboxylate isomer, and its hemlsulphate and hydrochloride; 

1-141. 2-P-(4-Cart>oxymemyW-methyl-1-hom 
thyi }- 1 -methyl- 1 -carbap en-2-em-3-carboxylate , especially its (1^5S f 6^2-[(2S,4S>-2-{4-carboxymethyl-4- 
methyM-homopiperazinlocaroonyl)pyrroH^^ 
carboxylate isomer; 

1 -1 53. 2^2-t4-(2-Carbanr*>yloxyethyl)-4-memyi-1^ 
roxy ethyl)-1 -methyl-1 -carbapen-2-em-3-carboxytate 9 especially its (1 R,5S,6S)-2-{(2S,4S)-2-[4-{2-car- 
bamoyloxyethyl)-4-methyi-1-homopIpera2inlocart)onyl]-pyrro 
1-carbapen-2-em-3-carboxyiate isomer, and its hemlsulphate and hydrochloride; 

1-183. 6-<1-Hydroxyethyl)-1-methyW^ 
ylthk>}-1-<»roapen-2-em-3-carboxylate. especially its (1R,5S,6S)-6-{(1R)-1-hydroxyemyij-1-methyi-2- 
{(2S,4S)2-{4-memyi-4^3-sulphopropyl)-1-piper^ 
xylate Isomer; and 

4-9. 6-(1-Hydroxyethy1)-1-methyl-2-{2-(^ 
bapen-2-em-^-carboxylate, especially its (1F^5S,6S)-6-{(1 f^l-hydroxyem^ 

methyM-pipefaziniocai1tonyl)pyiToli(H^ isomer, and Its 

hydrochloride. 

The compounds of the present invention may be prepared by a variety of methods weU known in the art 
for the preparation of compounds of this type. For example, they may be prepared by reacting a compound of 
formula (IV): 
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10 



OH Rl 

I I 
CH H CH Y 

/ \ I/ \ / 

H 3 C CH-C C (IV) 

III! 

C N C 

1 \ 
O COOR22 



(in which: R 1 is as defined above; Y represents a group of formula -OR 21 or -SO-R 23 ; R 21 represents an alkyl- 
15 sulphonyl group, an aryisulphonyl group, a dialkylphosphoryl group or a diarylphosphoryl group; R 22 represents 
a carboxy-protecting group; and R 23 represents an alkyt group having from 1 to 4 carbon atoms, a halogenated 
alkyt group having from 1 to 4 carbon atoms; a 2-acetamidoethyl group; a 2-acetamUovinyl group; an aryl group 
which has from 6 to 10 ring carbon atoms and which is unsubstituted or has at least one substituent selected 
from halogen atoms, C t - Ca alkyi groups, Ci - C 3 alkoxy groups, C2 - C5 atkoxycarbonyl groups, nitro groups, 
20 carbamoyl groups, mono(C t - C3 alky1)carbamoy1 groups, 61(0, - C 3 alkyQcarbamoyl groups, hydroxy groups 
and cyano groups; or an aromatic heterocyclic group having 5 or 6 ring atoms, of which 1 is a hetero-atom nit- 
rogen and/or oxygen and/or sulphur hetero-atoms and 0 or 1 is an additional nitrogen atom, said heterocyclic 
group being unsubstituted or being substituted by at least one substituent selected from halogen atoms and 
C| - C3 alkyi groups) with a compound of formula (V): 

25 

O Q' 

II / 

HS-A-C-N (V) 




(in which: A and R 2 are as defined above; and Q' represents any of the groups represented by Q or any such 
group in which the quaternary nitrogen atom is replaced by an unquaternized nitrogen atom and in which, where 
Q' represents a group containing a quaternary nitrogen atom, the compound also includes a balancing anion). 
35 That is Q' may represent any of the groups represented by Q together with a balancing anion or it may represent 
(i') a group of formula -B-NR'R 9 , wherein: B, R 8 and R 9 are as defined above; 

(IP) a heterocyclic group having from 4 to 10 ring atoms in a single or bridged ring, one of said ring atoms 
being a substituted nitrogen atom of formula >NR 11 , wherein R 11 is as defined above; and 0, 1 or 2 of said 
ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remainder being carbon atoms, 
40 said heterocyclic group being otherwise unsubstituted or having at least one of substituents (c), defin d 

above; 

(tif ) an alkyi group having from 1 to 6 carbon atoms and substituted by a heterocyclic group as defined in 
(ii*) above; or 

(W) an alkyi group having from 1 to 6 carbon atoms and substituted by an aromatic heterocyclic group hav- 
45 ing from 5 to 8 ring atoms, one of said ring atoms being a nitrogen atom; 

or 

R 2 and Q\ together with the nitrogen atom to which they are attached, represent a group of formula {\Y)i 

/ CH 2)m x 

-N N-R7 (II' ) 

\ / 

(CH 2 ) n 

55 

wherein m, n and R 7 are as defined abov ; 

and the carbon atoms of said group of formula {\V) are unsubstituted or they are substituted by at least one 
alkyi group having from 1 to 6 carbon atoms and/or oxygen atom (to form an oxo group). 

This reaction gives a compound of formula (I'): 
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20 



25 



30 



OH Rl O Q' 

I I II / 

CH H CH SA-C-N 

/ \ 1/ \ / \ „ 

H 3 C CH-C C R2 

I I II 
C — N C 

of ^COOR 22 



in which R' , R*, R», A and Q' are as defined above and in which, where Q' represents a group containing a 
15 quaternary nitrogen atom, the compound also includes a balancing anion. Where Q' represents one of the 
groups represented by Q, this is a compound of the present invention. Where Q' represents a group containing 
an unquatemlzed nitrogen atom, then this nitrogen atom is quatemtzed in a further step. If required, the balanc- 
ing anion and the carboxy-protecting group may be removed to give a compound of formula (I) In which R* rep- 
resents a negative charge, i.e. a compound of formula (I"): 



OH R 1 O Q 

I I II / 

CH H CH SA-C-N 

/ \ 1/ \ / \ 0 

H3C CH-C C R 2 (i«) 

I I II 
C — N C 

J ^COO® 

in which R 1 . R 2 and Q are as defined above. 

In one embodiment of this process, the first step comprises reacting a compound of formula (IVa): 



35 



OH 



CH H CH OR 21 

/ \ 1/ \ / 
H 3 C CH-C C (IVa) 

AO I I II 

C — N C 

O ^COOR 22 

45 (in which: R 1 , R* and R 22 are as defined above) with the compound of formula (V), to give the compound of 
formula (H). 

The compound of formula (IVa) used as a starting material in these reactions may be prepared by reacting 
a compound of formula (VI): 

OH R 1 

I I 
CH H CH O 

/ \ 1/ \ / 

55 H3C CH-C C (VI) 

III 
C — N C 

^COOR 22 
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(In which: Ri and are as defined above) with an alkyteulphonic acid, an arytsulphonic acid, a diaikylphos- 
phonc acid or a diarytphosphoric acid or with a reactive derivative thereof, especially an alkyteulphonic acid 
anhydride, an arytsulphonic acid anhydride, a dialkylphosphoryl halide era diarylphosphoryl halide, preferably 
in the presence of a base. The next step in the reaction [the reaction of the resulting compound of formula (IVa) 
with the mercapto compound of formula (V)] Is preferably effected without intermediate isolation of the com- 
pound of formula (IVa) and is carried out in the same reaction medium. 

Suitable acid derivatives foruse in the reaction preparing the compound of formula (IVa) from the compound 
of formula (VI) Include; alkanesulphonic acid anhydrides, such as methanesulphonic acid anhydride, trif- 
luoromethanesirfphonic acid anhydride orethanesulphonlc add anhydride; aryistdphonic acid anhydrides, such 
as benzenesuiphonicacid anhydride ore-toluenesulphonicacfd anhydride; dialkylphosphoryl halldes, such as 
dimethylphosphoryl chloride or diethyiphosphoryi chloride; and diarylphosphoryl halfdes, such as diphenyf- 
phosphoryl chloride or diphenylphosphoryl bromide. Of these, fc-toluenesuiphonfc acid anhydride or diphenyl- 
phosphoryi chloride are particularly preferred. 

The reaction is normally and preferably effected in a solvent There is no particular restriction on the nature 
of the solvent to be employed, provided that It has no adverse effort on the reaction or on the reagents involved 
and that it can dissolve the reagents, at feast to some extent Examples of suitable solvents include- haloge- 
nated hydrocarbons, especially halogenated aliphatic hydrocarbons, such as 1.2-dichloroethane or chloroform- 
nitrfles, such as acetonitrile; and amides, especially fatty acid amides, such as N.N^imethylformamide orN,N- 
dimethylacetamide. There is likewise no particular restriction on the nature of the base employed in the reaction 
provided that it does not affect any other part of the compound, in particular the lactam ring, and examples 
of suitable bases include: organic bases, especially tertiary amines, such as trlethylamine, diisop- 
ropyiethylamine or 4-dimethylaminopyridine. ' 

The reaction can take place over a wide range of temperatures, and the precise reaction temperature is 
not critical to the invention. However. In order to prevent any side reactions, it is desirable for the reaction to 
be carried out at a relatively low temperature. In general, we find it convenient to cany out the reaction at a 
temperature of from -20*C to +40°C. The time required for the reaction may also vary widely, depending on 
many factors, notably the reaction temperature and the nature of the reagents. However, provided that the reac- 
tion is effected underthe preferred conditions outlined above, a period of from 10 minutes to 5 hours wOl usually 
suffice. 7 

The compound of formula (IVa) thus obtained does not need to be separated from the reaction mixture- 
instead, the entire reaction mixture can be treated with the mercapto compound of fbimuia (V) In the presenc * 
of a base. As with the previous step, there is no particular restriction on the nature of the base employed in the 
reaction, provided that it does not affect any other part of the compound, in particular the p-iactam ring and 
examples of suitable bases include: organic bases, such as triethylamlne or diisopropylamine; and inorganic 
bases, especially alkali metal carbonates, such as potassium carbonate or sodium carbonate. 

The reaction can take place over a wide range of temperatures, and the precise reaction temperatur is 
not critical to the invention. In general, we find it convenient to cany out the reaction at a temperature of from - 
20°C to room temperature. The time required for the reaction may also vary widely, depending on many factors 
notably the reaction temperature and the nature of the reagents. However, provided that the reaction is effected 
under the preferred conditions outlined above, a period of from 30 minutes to 5 days will usually suffice. 

After completion of the reaction, the desired compound of formula (I') can be recovered from the reaction 
mixture by conventional means. For example, by removing the reaction medium or solvent and then purifying 
the compound by such conventional techniques as recrystailization. reprecipitation or the various 
chromatography techniques, e.g. column chromatography or preparative thin layer chromatography Alterna- 
tively, it can be purified by direct reprecipitation of the desired compound from the reaction mixture. 

If desired, the reaction mixture can be subjected to the subsequent step of removing the caiboxy-protecting 
group without intermediate separation of the compound of formula (P), or the removal of the protecting group 
may be accomplished after separation of the compound, as desired. The reaction employed to remove the pro- 
tecting group wBI, of course, depend on the nature of the protecting group and may be carried out using methods 
well known in the art for the removal of carboxy-protecting groups from compounds of this type. 

For example, where the carboxy-protecting group, R^lsa group capable of removal by reduction, the reao 
tion is preferably effected by contacting the compound of formula (F) wherein R» represents such a carboxy- 
protecting group with a reducing agent Examples of carboxy-protecting groups which may be removed In this 
way include the haloalkyi. aralkyl (including benzhydryl) groups. Examples of preferred reducing agents which 
may be employed In this reaction include: zinc and acetic acid, if the carboxy-protecting group is a haloalkyi 
group, such as the 2.2-dibromoethyl or 2,2^-trichloroethyl group; or a catalytic reagent (such as hydrogen and 
palladlunvon-carbon) or an alkali metal sulphide (such as sodium sulphide or potassium sulphide) if the car- 
boxy-protecting group is an aralkyl group or a benzhydryl group,. The reaction is normally and preferably carried 
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out in the presence of a solvent, the nature of which is not critical, provided that it has no adverse effect upon 
the reaction and that it can dissolve the reagents, at least to some extent Examples of suitable solvents Indud : 
alcohols, such as methanol or ethanot; ethers, such as tetrahydrofuran or dioxan; fatty acids, such as acetic 
acid; or a mixture of any one or more of these organic solvents with water. 

The reaction wQI take place over a wide range of temperatures, and the precise reaction temperature cho- 
sen is not critical to the Invention. In general, we find it convenient to carry out the reaction at a temperature 
in the range of from 0°C to about room temperature. The time required for the reaction may likewise vary widely, 
depending on many factors, notably the reaction temperature and the nature of the reagents. However, in most 
cases, a period of from 5 minutes to 12 hours will normally suffice. 

After completion of the reaction, the resulting compound can be recovered from the reaction mixture by 
conventional means. For example, any Impurities separated from the reaction mixture may be removed by fil- 
tration, after which the solvent may be removed by distillation, to obtain the desired compound. 

The compound thus obtained can, if necessary, be further purified by conventional means such as recrys- 
tallization or the various chromatography techniques, notably preparative thin layer chromatography or column 
chromatography. 

If desired, the carboxy group contained In the compound obtained after removal of the carboxy-protecting 
group can be converted by known methods into an ester group which is capable of being hydrolyzed under 
physiological conditions. If R 3 Is an ester group which can be hydrolyzed physiologically, for example, an 
alkanoytoxyalkyl group (such as a ptvaloytoxymethyl or acetoxymethyl group), an alkoxycarbonyloxyalkyl group 
[such as a 1-(ethoxycarbonyloxy)ethyl or 1-(isopropoxycarbonyloxy)ethyl group], the phthalidyl group, the 
indanyl group, the methoxymethyl group or the 2-oxo-5-methyM,3-dloxolen-4-yl methyl group, the compound 
of formula (I) can be hydrolyzed in vivo under physiological condition and, therefore, it can be directly adminis- 
tered to patients without any need for deprotection. 

Where Q' in the above formulae represents an unquatemized nitrogen atom, it is necessary at some stage 
to quatemize It This is preferably effected after the reaction of the compound of formula (IVa) with the mercapto 
compound of formula (V) to give the compound of formula (l') ( but before removal of any carboxy-protecting 
group. Quatemization may be effected under conventional conditions by reacting the compound of formula (I') 
in which Q represents an unquatemized nitrogen atom with a compound of formula RX, In which R represents 
any one of the groups R 6 , R 10 or R 12 , defined above and X represents a halogen atom (for example a chlorine 
atom, a bromine atom or an iodine atom), an aikanesulphonyloxy, arylsulphonyioxy, halosulphonyloxy r 
alkoxysulphonyloxy group (for example a methanesulphonyioxy group, a toluenesulphonyloxy group, a trif- 
luoromethanesulphonyioxy group, a fluorosulphonyloxy or a methoxysulphonyloxy group). The reaction may 
be carried out in the presence or absence of a solvent Where a solvent Is employed, its nature is not critical, 
provided that It has no adverse effect upon the reaction and that it can dissolve the reagents, at least to some 
extent Examples of suitable solvents include: halogenated hydrocarbons, especially halogenated aliphatic 
hydrocarbons, such as methylene chloride, 1,2-dichIoroethane or chloroform; nitrfles, such as acetonitrile; 
ethers, such as tetrahydrofuran; esters, such as ethyl acetate; and amides, especially fatty acid amides, such 
as N,N-dimethylformamide or N.r^dimethytacetamlde. The reaction will take place over a wide range of tem- 
peratures, and the precise reaction temperature chosen is not critical to the invention. In general, we find it con- 
venient to carry out the reaction at a temperature in the range of from -20°C to 100°C. The time required for 
the reaction may likewise vary widely, depending on many factors, notably the reaction temperature and the 
nature of the reagents. 

After completion of the reaction, the desired compound of formula (I') can be obtained from the reaction 
mixture by the conventional means. For example, the reaction solution or the solvent of the reaction mixture 
may simply be distilled off; the compound thus obtained can, if necessary, be purified by conventional means 
such as recrystallization, reprecipitation or the various chromatography techniques, notably column 
chromatography or preparative thin layer chromatography. Alternatively, it can be purified by precipitating it 
directly from the reaction solution. If desired, the reaction solution can be used, without intermediate separation 
of the compound of formula (I*). for the succeeding deprotection of the carboxy-protecting group, as described 
above. 

In an alternative embodiment of the process of the present Invention, a compound of formula (IVb): 
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OH Rl O 

CH H CH S-R 23 

/ \ I/ \ / 
H 3 C CH-C C (IVb) 

I I II 
C — N C 

o' ^COOR 22 

(in which R 1 . R 22 and R 23 are as defined above) is reacted with said compound of formula (V). to give the con> 

15 pound of formula (!')• 

In the compound of formula (IVb), where R 23 represents an alkyi group, this may be a straight or branched 
chain alkyi group having from 1 to 4, preferably from 1 to 3, carbon atoms, for example a methyl, ethyl, propyl 
or isopropyl group. Where it represents a halogenated alkyi group, the aJkyi part may be any of the alkyi groups 
defined and exemplified above which is substituted by at least one, and preferably from 1 to 3, halogen atoms; 

20 examples of such groups include the various fluoromethyl, chtoromethyl, fluoroethyl, chioroethyi, fluoropropyi, 
difluoromethyl, difluoroethyl. dichloroethyl, trifluoromethyl and trffluoroethyl groups. Where it is an opti nally 
substituted aryl group, the aryl group itself may be, for example, a phenyl or naphthyi group, and it may be 
unsubstituted or it may have at least one, and preferably from 1 to 3 substituents, such as:halogen atoms, e.g. 
the fluorine, chlorine or bromine atoms; alkyi groups, e.g. the methyl, ethyl, propyl or isopropyl groups; alkoxy 

25 groups, e.g. the methoxy, ethoxy, pro poxy or isopropoxy groups; alkoxycarbonyl groups, e.g. the methoxycar- 
bonyi, ethoxycarbonyl or t-butoxycarbonyl groups; or the nitro, carbamoyl, methyl carbamoyl, ethylcarbamoyl, 
dimethyicarbamoyi, diethyl carbamoyl, hydroxy or cyano groups. Where it is an optionally substituted aromatic 
heterocyclic group, this is preferably a pyridyt or pyrimidinyi group, and the heterocyclic group may be unsub- 
stituted or It may be substituted by at least one, and preferably from 1 to 3, substituents, such as: halogen atoms, 

30 e.g. the fluorine, chlorine or bromine atoms; or alkyi groups, e.g. the methyl, ethyl, propyl or Isopropyl. In th 
case of the substituted aryl and aromatic heterocyclic groups, where there are two or more substituents, these 
may be the same or different 

The compound of formula (IVb). which is a starting material In this embodiment of the process, can be syn- 
thesized by the procedure which has been claimed In Japanese Patent Application Kokal No. Sho 62-30781. 

35 The reaction of the compound of formula (IVb) with the mercapto compound of formula (V) to prepare the 
compound of formula (I') is effected in the presence of a base and normally and preferably in a suitable solvent, 
the nature of which is not critical, provided that it has no adverse effect upon the reaction and that it can dissolve 
the reagents, at least to some extent Examples of suitable solvents include: ethers, such as tetrahydrofuran; 
nitriles, such as acetonitrile; amides, such as dimethyiformamide; suiphoxides, such as dimethyl sulphoxid ; 

40 water or a mixture of any two or more of these solvents. There is no particular limitation on the nature of the 
base employed, provided that it does not affect any other parts of the compounds, in particular the fHactam 
ring; suitable bases include: organic bases, such as ditsopropytethylamine, triethylamine, N-methylpyridine or 
4-dimethylaminopyridine; and inorganic bases, especially alkali metal carbonates and hydrogencarbonates, 
such as potassium carbonate or sodium hydrogencarbonate. The reaction wHI take place over a wide range of 

45 temperatures, and the precise reaction temperature chosen is not critical to the invention. However, in order 
to prevent any side reactions, it is recommended that the reaction should be carried out at a relatively low tem- 
perature. In general, we find it convenient to cany out the reaction at a temperature in the range of from -20*C 
to 40°C. The time required for the reaction may likewise vary widely, depending on many factors, notably the 
reaction temperature and the nature of the reagents. However, in most cases, a period of from 5 minutes to 5 

so days will normally suffice. 

After completion of the reaction, the desired compound of formula (l # ) can be obtained by conventional 
means. 

If necessary, the compound of formula (!') can be then be subjected to deprotection as previously described. 
The mercapto compounds of formula (V). the starting materials, can be prepared by the procedure des- 
55 cribed in Japanese Patent Application Kokai No. Hei 2-28180 and Japanese Patent Application Kokal No. Hei 
2-3687. 

BIOLOGICAL ACTIVITY 

The compounds of the present invention exhibit excellent antibacterial activity with a broad antibacterial 
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spectrum, and have the ability to inhibit the activity of p-lactamas , unlike most thienamycintype compounds, 
which are Itabl to be metabolized in a mammalian body. The derivatives of the present invention, in addition, 

5 exhibit exceDent stability against dehydropeptidas I, which is also known to catalyze the inactivation of com- 
pounds of the thienamycin type. Furthermore, the derivatives of the present Invention hav an excellent urinary 
recovery. The derivatives of the present Invention showed strong antibacterial activity against a wide range of 
pathogenic bacteria including Gram-positive ones such as Staphylococcus aureus and Bacillus subtflls. Gram- 
negative ones such as Escherichia coll. Shigella species. Streptococcus pneumoniae. Proteus species, Ser- 

io ratia species, Enterobacter species and Pseudomonas species, and anaerobic bacteria such as Bacteroldes 
fragflls. 

The antibacterial activity was determined by the agar plate dilution method, and the minima] Inhibitory con- 
centrations of the compounds of the present Invention against a variety of common pathogenic bacteria are 
shown in the following Table 7. In the Table, the compounds of the invention are identified by reference to the 

15 one of the following Examples which illustrates their preparation; In the case of the compound of Example 1 8, 
18A refers to Isomer A, and 18B refers to Isomer B. The microorganisms used are identified as follows: 
A: Staphylococcus aureus 209P; 
B: Escherichia coll NIHJ; 
C: Klebsiella pneumoniae 846; 

20 D: Pseudomonas aeruginosa 1001. 



Table 7 
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Compound of Microorganism 

Example No • A B c D 
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0. 


.02 


*o 


.01 


0 


.2 


imipenem 


£0. 


.01 


0. 


.05 


0. 


.1 


3 


.1 



The results above demonstrate that the compounds of the present Invention have activities which are, in 
general, better than that of imipenem; moreover, they are, unlike imipenem, resistant to dehydropeptidase I 
and p-iactamase. 

55 The carbapenern-3-carboxylic acid derivatives of the present Invention, therefore, are useful as therapeutic 

agents for the treatment and prophylaxis of infections with these pathogenic bacteria. The compounds may be 
administered in any conventional form for this purpose, and the exact formulation used wll depend on the dis- 
ease to be treated, the age and condition of the patient and other factors, which are well known In the art For 
example, for oral administration, the compounds may be formulated as tablets, capsules, granules, powders, 
or syrups; and for parenteral administration, they may b formulated for intravenous Injection or intramuscular 
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injection. The dosage will vary widely, depending upon the age, body weight, symptoms and condition of the 
patient, as welt as the mode of administration and administration times; however, for an adult human patient, 
5 a daBy dosage of from about 100 mg to 3000 mg is recommended, and this may be administered as a singf 
dose or in divided doses. 

The preparation of various of the compounds of the present invention is further Illustrated by the following 
Examples, whilst the preparation of certain of the starting materials used in these Examples Is shown in the 
subsequent Preparations. In these Examples and Preparations, all mesh sizes are In accordance with the Tyler 
10 standard. Except where otherwise specified, when the nuclear magnetic resonance spectra were measured in 
deuterium oxide, tetramethylsilane was used as an external standard; and in other solvents, tetramethylsOane 
was used as an internal standard. 

EXAMPLE 1 

15 

(1R.5S, 6SV2-K2S, 

4S)-2-(4.4-DimethyM -p iperaziniocarbonyQpyrrol ldin-4-yithio]-6-[(1 R)-1 -hydroxyethyQ-1 -methyM-carbapen-2 
-em-3-carboxyiate fluorosulphonate 

20 1(1) (2S. 4S)^Mercapto-2-(4HrnethyM-piperazinylca^ 
trifluoromethanesul phonate 

305 mg of (2S. 4S)^(4^ethoxybenzy1thio)-2K4^ethy^ 
bonyQpyrrolidine (prepared as described in Preparation 1) were suspended in 627 ul of anisole, and then the 
25 suspension was placed over an ice bath. 3. 14 ml of trifluoroacetic acid and 56 uf of trifluoromethanesulphonfc 
acid were then added to the suspension, and the resulting mixture was stirred for 1 hour at room temperature. 
At the end of this time, the solvent was removed by distillation under reduced pressure. The residue was washed 
with diethyl ether by repeated decantation, after which it was dried under reduced pressure to obtain 318 mg 
of the title compound, 
do Infrared Absorption Spectrum (KBr), v mu cnr 1 : 

1788, 1706, 1666, 1608, 1524, 1441. 1408, 1348, 1279. 1247. 1224, 1165 
Nuclear Magnetic Resonance Spectrum (D 2 O f 270 MHz), 6 ppm: 
1.58-1.67(1H, muitiplet); 
2. 58 * 3. 46 (12H, muitiplet); 
35 3. 83 - 4. 12 (2H. muitiplet); 

4. 22 - 4. 39 (1H. muitiplet); 
4. 57 - 4. 80 (1H. muitiplet); 
4. 88 - 5. 13 (2H, muitiplet); 
7. 31 - 7. 43 (2H, muitiplet); 
40 8. 05 - 8. 12 (2H. muitiplet). 

1(2) 4-Nitrobenzyl (1R, 5S, 

6S)^(1RH4iydroxyethylHHrne^ 
yi)pynt)lldin^yithlo]-1'Carbaper>>2^m^^rboxyiate 

45 

169 mg of 4-nitrobenzyl (1R, 5R, 6S)-6-{(1 R)-hydroxyethyi]-1 -methyl-2-oxo-1 -carbapenam-3-carboxylate 
were dissolved in 2. 2 ml of anhydrous acetonitrile, and the solution was placed over an Ice bath, where 102 
ul of diphenylphosphoryl chloride and 87 ul of diisopropytethyiamine were added dropwise to it It was then 
stirred for 1 hour at this Ice-coded temperature. WhDst still maintaining the mixture over an ice bath, 198 uf of 

so diisopropytethyiamine and 1. 8 ml of an anhydrous acetonitrie solution containing 312 mg of (2S, 4S)-4-mer- 
captCH2H4-methyM^iperazinylcarbor^ trifluoromethanesulphonate 
[prepared as described in step (1) above] were added dropwise to the reaction mixture. The mixture was then 
stirred for 5 hours at this ice-cooled temperature. At the end of this time, the reaction mixture was allowed to 
stand in a refrigerator overnight, after which the solvent was removed by distillation under reduced pressure. 

55 An aqueous solution of sodium hydrogencarbonate was then added to the residue, which was then extracted 
with ethyl acetate, and dried over anhydrou magnesium sulphate. The solvent was then removed by distillation 
under reduced pressure, and the residue was purified by column chromatography through alica gel. using a 
5 : 1 by volume mixture of ethyl acetate and methanol as the eluent, to afford 247 mg of the title compound. 
Infrared Absorption Spectrum (KBr), v mBX cnr 1 : 
1773. 1711. 1654, 1606. 1521, 1345. 

Alt 
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Ultraviolet Absorption Spectrum (methanol), ^ nm: 
267, 318. 

5 Nucl arMagn tic Resonance Sp drum (hexadeuterated dimethyl sulphoxide, 270 MHz), 6 ppm: 

1. 15 (3H, doublet, J = 6. 35 Hz); 

1.16 (3H, doublet J s 7. 32 Hz); 
1.67- 1. 66(1 H t multiset); 

2. 05 - 2. 38 (5H V multiplet); 
10 2. 12 - 2, 20 (3H, two singlets); 

Z81-2.89(1H. multiplet); 

3. 11 -3. 63 (7H, multiplet); 

3. 79 - 4. 28 (4H, multiplet); 

4. 76, 4. 85 (together 1H, two triplets, J = 7. 81 Hz); 
15 5. 05 - 5. 48 (4H, multiplet); 

7. 55, 7. 65 (together 2H, two doublets, J = 8. 79 Hz); 

7. 72 (2H, doublet J » 6. 79 Hz); 

8. 22, 8. 23 (together 4H, two doublets, J = 8. 79 Hz). 

20 1(3) (1R, 5S, 6SV2-K2S, 

4S)-2-(4,4-DlmethyMH3lperazinlocart^ 
em-3-carboxylate fluorosulphonate 

1. 36 g of 4-nitrobenzyi (1R, 5S, eS^tlR^I-hydroxyethylJ-l-methyl^^S, 4S)-2-(4-fnethyi-1-piperazi- 
25 nyi«u1>onylHK^nito ben zyl 0 xy<»^ [prepared as 

described in step (2) above] was dissolved in 1 3 ml of anhydrous methylene chloride. 283 jif of methyl fluorosul- 
phonate were added to the resulting solution, which was then stirred for 1 hour at room temperature. At the 
end of this time, the solvent was removed by distillation under reduced pressure, and the powdery product 
obtained as the residue was dissolved in 60 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water. Hyd- 
30 rogen gas at room temperature was then passed through the mixture for 3 hours in the presence of 1 . 2 g of a 
1 0% w/w pailad ium-on-carbon catalyst At the end of this time, the catalyst was filtered off. The filtrate was ext- 
racted with 100 ml of diethyl ether. The aqueous layer was collected and condensed by evaporation under 
reduced pressure to 20 ml. This was then lyophilized, to give 920 mg of the crude product as a powder. 
70 mg of this crude product were subjected to Lobar column chromatography (Merck, UChroprep RP-8, 
35 Size A), edited with 5% v/v aqueous methanol. The fractions containing the target compound were collected, 
condensed by evaporation under reduced pressure, and lyophilized to obtain 45 mg of the title compound as 
a colourless powder. 

Infrared Absorption Spectrum (KBr), v mttC cmr 1 : 
1758, 1660, 1603, 1469, 1377. 1273. 
40 Ultraviolet Absorption Spectrum (H 2 0), nm(e): 
298 (9204). 

Nuclear Magnetic Resonance Spectrum (D20, 270 MHz), 6 ppm: 
1. 02 (3H, doublet J = 7. 3 Hz); 

1. 09 (3H, doublet J = 6. 3 Hz); 
45 1 . 73 - 1 . 83 (1 H, multiplet); 

2. 78 - 2. 90 (1H, multiplet); 

3. 08 (3H, singlet); 

3. 09 (3H, singlet); 

3. 14 - 3. 29 (3H, multiplet); 
50 3. 37 - 3. 42 (4H, multiplet); 

3. 53 (1H. doublet of doublets, J = 12. 2 & 6. 3 Hz); 

3. 71 * 3. 91 (5H, multiplet); 

4. 01 - 4. 08 (2H, multiplet); 

4. 60 (1 H, doublet of doublets, J - 7. 3 & 9. 3 Hz). 

55 
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EXAMPLE 2 
(1R,5S, 6S)-2-[(2S, 

4S)-2-(4,4-OlmethyM-plperazfnfocarbonyl)pyn^ 
em-3-carboxyiate 

224 mg of 4-nitrobenzyl (1 R, 5S, 6S)-6-I(1R).1-hydroxyethyO-1-methyl-2-{(2S, 4S)-2-{4-methyl-1-piperazj- 
nylcarbonyl)-M4-nitroben^Qxycarbon^^^ [prepared as 

described In Example 1(2)] were dissolved in 4. 5 ml of methylene chloride, and the mixture was placed on an 
ice bath. 28 \ii of methyl fluorosulphonate were added to the solution, which was then stirred for 1 hour at room 
temperature. At the end of this time, the solvent was removed by distillation under reduced pressure. The crude 
product thus obtained was dissolved in a mixture of 10 ml of tetrahydrofuran and 10 ml of water, and then hyd- 
rogen gas was passed for 2 hours at room temperature through the solution, in the presence of 200 mg of a 
10% w/w palladium-on-carbon catalyst The catalyst was then removed by filtration, and then the filtrate was 
extracted with diethyl ether. The aqueous layer was condensed by evaporation under reduced pressure, and 
the resulting residue was subjected to Lobar column chromatography (Merck, UChroprep RP-8), eluted with 
20% v/v aqueous methanol. Those fractions containing the title compound were collected, condensed and 
lyophilized to obtain 28 mg of the title compound. 
Infrared Absorption Spectrum (KBr), v ^ cnrr 1 : 

1753, 1648, 1597. 1467. 1378, 1261. 
Ultraviolet Absorption Spectrum (H 2 0), ^ nm (e): 
300 (8817). 

Nuclear Magnetic Resonance Spectrum (D 2 O t 270 MHz), 5 ppm. 
1. 02 (3H, doublet, J = 7. 32 Hz); 
1. 10 (3H, doublet, J = 6. 34 Hz); 
1.39-1. 50(1 H, multiplet); 
2. 47 - 2. 59 (1H, multiplet); 
2. 62 - 3. 00 (2H, multiplet); 
3. 07 (6H. singlet); 
3. 17 - 3. 25 (2H, multiplet); 
3. 32 - 3. 44 (4H, multiplet); 
3. 56 - 3. 65 (1H, multiplet); 
3. 66 - 3. 88 (4H, multiplet); 
3. 89 - 4. 07 (3H, multiplet). 

EXAMPLE 3 

(1R,5S. 6SV2-K2S, 

4S)-2-(4.4-Olmethyl-1 -piperaziniocaitonyl)pyrrolidln-4-ylthk)l-6-I(1 RH-hydroxyethyf1-1-methyl-1 -carbapen-2- 
em-3-carboxytate 

22 mg of (1R, 5S, 6S)-2-{(2S, 4S)-2-(4,4-dinu3thyM-piperaziri 
roxyethyI)-1-methyl-1-carbapen-2^m-3-carboxy1ate fluorosulphonate [prepared as described In Example 1(3)] 
were dissolved in 1 ml of water. The resulting solution was subjected to Ion-exchange chromatography through 
3 ml of a basic ion-exchange resin [Amberlite IRA-68, (CHa)aN-type y a product of Organo Co.]. The resin was 
eluted with water, and those fractions containing the title compound were collected and lyophilized to btafn 
18 mg of the title compound. The Infrared, ultraviolet and nuclear magnetic resonance spectra of the resulting 
compound were in full agreement with those of the product of Example 2. 

EXAMPLE 4 

(1R,5S t 6S)-2-[(2S, 
4S)-2^4,4-DimethyM-piperaziniocan^ 
em-3-carboxylate hydrochloride 

98 mg of th crude product obtained as described in Exampt 1(3) were subjected to Ion-exchange 
chromatography through 100 ml of an ion-exchange resin (Dowex 1-x4, 50-100 mesh, Cl- type) and eluted 
with water. Those fractions containing the title compound were collected and lyophilized. The powder thus 
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btainad was subjected to Lobar column chromatography (RP-8, Size A), eluted with 5% v/v aqueous methanol. 
Those fractions containing the title compound w re collected, condensed and lyophilized to give 50 mg of the 
6 title compound as a col uriess powder. 

Infrared Absorption Spectrum (KBr), v ^ crrr 1 : 

1757. 1660, 1601. 1470, 1375, 1263. 
Ultraviolet Absorption Spectrum (H 2 0), ^ nm ( e ): 
297(8386). 

10 Nuclear Magnetic Resonance Spectrum (D2O, 270 MHz), 8 ppm; 

1. 02 (3H f doublet, J = 7. 3 Hz); 

1 . 09 (3H, doublet, J = 6. 3 Hz); 

1.77-1. 87 (IH.muitiplet); 

2. 81 -2. 93 (1H, multiple!); 
15 3. 08 (3H. singlet); 

3. 09 (3H, singlet); 

3. 13-3.23 (1H V multiplet); 

3. 26-3. 43 (6H. multiplet); 

3. 59 (1H. doublet of doublets, J = 12. 2 & 6. 4 Hz); 
20 3. 71 - 3. 92 (5H, multiplet); 

4. 01-4. 10 (2H, multiplet); 

4. 68 (1H, doublet of doublets, J = 9. 3 & 7. 8 Hz). 

EXAMPLES 

25 

(1R, SS t 6S)-2-[(2S. 

4S)-2-(4.4-OimeCTyl-1-piperaaniocaroon^^ 
em-3-carboxylate hemtsulphate 

30 600 mg of the crude product obtained as described in Example 1(3) were subjected to ion-exchange 

chromatography through 300 ml of an ion-exchange resin (Dowex 1-x4, 50 - 100 mesh, SO*- type) and eluted 
with water. Those fractions containing the title compound were collected and lyophilized. The powder thus 
obtained was subjected to Lobar column chromatography (RP-8, Size B), eluted with 5% v/v aqueous methanol. 
The fractions containing the title compound were collected, condensed by evaporation under reduced pressure 

35 and lyophilized, to give 354 mg of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 

1757, 1658, 1602, 1469, 1376, 1263. 
Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz), 6 ppm: 

1. 02 (3H, doublet, J = 7. 3 Hz); 
-» 1. 09 (3H, doublet, J = 6. 3 Hz); 

1.77-1.87 (1H. multiplet); 

2. 82 - 2. 94 (1H, multiplet); 

3. 091 (3H. singlet); 
3. 094 (3H, singlet); 

« 3. 12 - 3. 23 (1H, multiplet); 

3. 20 - 3. 43 (6H, multiplet); • 

3. 59 (1 H, doublet of doublets, J - 12. 2 & 6. 4 Hz); 

3. 71-3. 79 (3H, multiplet); 

3. 83 - 3.93(2H. multiplet); 
so 4. 02 - 4. 12 (2H, multiplet); 

4. 70 (1 H, doublet of doublets, J = 9. 3 & 7. 8 Hz). 
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EXAMPLE 6 
5 (1R.5S, 6SV2-K2S. 

4S)-2-(1 ,143imethyl-2s>yrrolklinioethylca^ R)-1-hydroxyetMh1-methyt-1-carfaa 
pen-2-em-3-carboxylate fluorosulphonate 

6(1) (2S. 4S)^Mercapto-2KlHnethyl-2-pyn^idinyleth^ 
10 blsflrffluoromethanesulphonate) 

369 mg of (2S, 4§H^^ etho ^ be ^ 1 toio)-2^1^ethyi-2-^^ 
zyloxycarbonyl)pyrrolidine (prepared as described in Preparation 2) were suspended in 720 pi of anlsole, and 
the suspension was placed on an ice bath. Maintaining the suspension on the ice bath, 3. 6 ml of trifluoroacetic 
15 acid and 128 \xi of trifluoromethanesulphonic acid were added to it, and it was then stirred for 1 hour at room 
temperature. At the end of this time, the solvent was removed by distillation under reduced pressure. The resi- 
due was washed with diethyl ether by repeated decantation and dried under reduced pressure, to give 440 mg 
of the title compound. 

Infrared Absorption Spectrum (KBr), v^cm- 1 : 
20 1706, 1624, 1431, 1403, 1347, 1285. 1250, 1227, 1168. 

Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz), 6 ppm: 
1. 38 - 2. 25 (7H. multiplet); 
2. 55 - 3. 47 (11H. multiplet); 
3. 80 - 3. 97 (1H. multiplet); 
25 4. 1 1 - 4. 26 (1H, two triplets, J = 7. 81 Hz); 

4. 97 - 5. 14 (2H, multiplet); 

7. 37, 7. 43 (together 2H t two doublets, J = 8. 30 Hz); 
8. 09 (2H, doublet J - 8. 30 Hz). 

so 6(2) 4-Nitrobenzyl (1R, 5S. 6S)-6-[(1R)-1-hyd^oxyethy^H-methyt^2^(2S, 
4S)-2K1-nwthyl-2-pymriidinylcarfaamoy^ 
arboxylate 

180 mg of 4-nitrobenzyl (1R, 5R, 6S)^(1R)-1^ydroxyethyi]-lHTiethyi-2^xo-1-carbapenaiT^ 

35 ate were dissolved in 2.3 m) of anhydrous acetonitrile, and the solution was placed on an Ice bath. Maintaining 
the solution on the ice bath. 109 \xt of diphenyiphosphoryi chloride and 92 \it of dilsopropylethytamine were 
added dropwise to the solution. The resulting mixture was then stirred for 1 hour at this Ice-cooled temperature, 
after which, whilst still maintaining the reaction mixture on the ice bath, 313 of diisopropylethylamine and 
1. 9 ml of an anhydrous acetonitrile solution containing 440 mg of (2S, 4S)-4-mercapto-2-(1-methyl-2-pynoii- 

40 dinylethylcarbamoyl)-1-(4-nitrobenzyloxycarbonyl)pynolidine bls(trifluoromethanesulphonate) [prepared as 
described in step (1 ) above] were added dropwise to the mixture. The mixture was then stirred at this tee-coded 
temperature for 5 hours and allowed to stand for 2 days in a refrigerator. At the end of this time, the solvent 
was removed by distillation under reduced pressure. An aqueous solution of sodium hydrogen carbonate was 
added to the residue, which was then extracted with ethyl acetate. The organic layer was dried over anhydrous 

45 magnesium sulphate. The solvent was removed by distillation under reduced pressure, and the resulting resi- 
due was subjected to Lobar column chromatography (Merck, UChroprep SI60). From fractions eluted with a 
1 : 2 by volume mixture of acetonitrile and methanol were obtained 65 mg of the title compound. 
Infrared Absorption Spectrum (KBr), v^ cm : 
1773, 1712, 1600. 

so Ultraviolet Absorption Spectrum (methanol), X max nm: 
319. 268. 

Nuclear Magnetic Resonance Spectrum (CDCf * 270 MHz), 8 ppm: 
1. 10, 1. 27 (together 3H, two doublets, J = 7. 32 Hz); 
1.21, 1.37 (together 3H,tw doublets, J = 6. 35 Hz); 
55 1. 42 - 4. 39 (26H, multiplet); 

5. 15 -5. 62 (4H. multiplet); 
7. 50 - 7. 67 (4H, multiplet); 
8. 23 (1H, two doublets, J » 8. 79 Hz). 
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6(3) (1R, 5S, 6S)-2-((2S, 
4S)-2K1.14)tn»thyl2H>yroHdta 
perw2-em-3-carboxylate fluorosulphonate 

62 mg of 4-nitrobenzyl (1R, 5S, SS^tlR^I-hydroxyethyfJ-l-fnethyl^^S, 4S)-2^1 ^ethyf-2-pyrrdkJ i- 
nylcart)anK)yI)-H4-nItroboi^oxycarbonyl)pyrT^ (prepared as 

described in Example 6(2)] were dissolved In 1. 2 ml of methylene chloride, and the solution was placed on an 
ice bath. Maintaining the solution on the Ice bath, 7. 5 p? of methyl fluorosulphonate were added, and the result- 
ing mixture was stirred for 1 hour at room temperature. At the end of this time, the solvent was removed by 
distillation under reduced pressure, and the resulting crude product was dissolved in a mixture of 3 ml of tet- 
rahydrofuran and 3 ml of water. Gaseous hydrogen was then passed through the solution for 1 . 5 hours at room 
temperature. In the presence of 100 mg of a 10% w/w palladium-on-carbon catalyst The catalyst was removed 
by filtration, and then the filtrate was extracted with diethyl ether. The aqueous layer was condensed by evapor- 
ation under reduced pressure, and the residue was subjected to column chromatography through Sephadex 
(trade mark) G-1 0 (a product of Pharmacia, 40 - 1 20 pm), eluted with water. Those fractions containing the title 
compound were collected and lyophllized to obtain 21 mg of the title compound. 
Infrared Absorption Spectrum (KBr), v mn cm- 1 : 

1740, 1672, 1600, 1312, 1273. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 

296. 

Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz), 5 ppm: 
1. 02 (3H, doublet, 7. 32 Hz); 
1.10 (3H, doublet, J = 6. 34 Hz); 

1. 57 - Z 37 (6H, multiplet); 

2. 69 (3H, singlet); 
2. 96 (3H, singlet); 

2. 57 - 4. 28 (1 5H, multiplet). 

EXAMPLE 7 

(1R,5S, 6S)-2-[(2S, 
4S)-2-(4 t 4^irnethyM-horr^ 
en-2-em-3-carboxylatB fluorosulphonate 

7(1) (2S, 4S)-4-Mercapto-2^4^emyM-homopipe 
bis(trffluoromethanesulphonate) 

620 mg of (2S, 4S)-4-(4-methoxybenzylthio)-2^ 
zyloxycarbonyOpyrrolidine (prepared as described in Preparation 5) were suspended in 1 . 23 ml of anisole, and 
the suspension was placed on an ice bath. Whilst the suspension was still on the ice bath, 6. 2 ml of trifluoroace- 
tic add and 200 uf of trifluoromethanesulphonic acid were added to it, and the resulting mixture was stirred 
for 1 hour at room temperature. At the end of this time, the mixture was treated in a similar manner to that des- 
cribed in Example 1(1), to give 640 mg of the title compound. 
Infrared Absorption Spectrum (liquid film), Vmx cnr 1 : 

1701, 1608, 1524, 1347, 1286. 1246. 1228, 1173. 1029. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxlde, 270 MHz), 8 ppm: 

1.66-1.78(1H, multiplet); 

1. 96 - 2. 13 (2H, multiplet); 

2. 67 - 2. 86 (5H, multiplet); 
2. 99 - 4. 07 (12H, multiplet); 
4. 64 * 4. 83 (1H. multiplet); 
5. 02 - 5. 26 (2H„ multiplet); 
7. 49 - 7. 65 (2H, multiplet); 
8. 23 (2H, doublet). 
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7(2)4-Nltrobenzyl (1R, 5S, 6S)-6-I(1R)-1-hydroxyethyq-lHmethy1-2-I(2S t 

4SV»2-(4-methyM -homopl perazlnylcarbonylH ^4Hiftroberp^oxycart)onyl)pyrroiklin-4-ylthioH -carbapen-2-em 
-3-carboxylate 

340 mg of 4-nitrobenzyi (1R, 5R, 6S)-6-{(1 R)-1 -hydroxy ethyl]-1 -methyl-2-oxo-1 -carbapenanv3-carboxyt- 
ate were dissolved in 3. 5 ml of anhydrous acetonftrile, and the solution was placed on an ice bath. Whilst the 
solution was still on the Ice bath, 210 \it of diphenytphosphoryi chloride and 180 \it of diisopropyiethyiamin 
ware added dropwise to it, and the resulting mixture was stirred for 1 hour at this ice-cooled temperature. 580 
pi of diisopropytethyiamine and 5 ml of an anhydrous acetonttnle solution containing 640 mg of (2S, 4S)-4- 

mercapto-2-(4Hnethyl-14iomopiperazinylcart>onyO^^ — bts(trif1uoro- 

methanesulphonate) [prepared as descdbed in step (1) above] were then added dropwise to the reaction 
mixture, stOI on an Ice bath, and the resulting mixture was stirred overnight at this Ice-cooled temperature. At 
the end of this time, the mixture was treated and purified by means similar to those described in Example 1 (2), 
to give 316 mg of the title compound. 
Infrared Absorption Spectrum (KBr), v m „ cnr 1 : 

1773, 1710, 1648, 1606, 1521. 
Ultraviolet Absorption Spectrum (methanol), ^ nm: 

277, 318. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 8 ppm: 
1. 29 (3H, doublet J = 7. 32 Hz); 
1. 37 (3H t doublet J = 5. 86 Hz); 
1.48-2. 17 (4H. multiplet); 
2.29 (1H, singlet); 

2. 43, 2. 45 (together 3H, two singlets); 
2. 58 - Z 97 (4H. multiplet); 
3. 25 - 3. 86 (9H, multiplet); 

4. 01 * 4. 28 (2H, multiplet); 
4. 68 - 4. 76 (1H, multiplet); 
5. 06 - 5. 52 (4H, multiplet); 

7. 46 (1H, doublet J « 8. 30 Hz); 
7. 51 (1H, doublet J = 8. 79 Hz); 
7. 65 (2H, doublet J s 8. 30 Hz); 
8. 23 (4H, two doublets, J = 8. 79 & 8. 30 Hz). 

7(3) (1R,5S, 6S)-2-[(2S, 
4S)-2K4,4^imethyM^omopiperaziniocai^ 
en-2-em-3-carboxylate fluorosulphonate 

290 mg of 4-nitrobenzyl (1R, 5S. 6S)-64(1R)-1-hydroxyethyl].1^nethyl-2-[(2S. 4S)-2-{4-methyi-1- 
homopiperazinylcart>onyl)-1^4^itrobenzyloxycarto^ 

[prepared as described in step (2) above] were dissolved in 6 ml of methylene chloride, and the solution was 
placed on an ice bath. Whilst the solution was still on the ice bath, 60 ul of methyl fluorosulphonate were added, 
and the resulting mixture was stirred for 30 minutes at this ice-cooled temperature and then for 1 hour at room 
temperature. At the end of this time, the solvent was removed by distillation under reduced pressure, and the 
resulting crude product was subjected to hydrogenation, treated, purified and lyophQized using similar proced- 
ures to those described in Example 1 (3) to obtain 1 1 0 mg of the title compound. 
Infrared Absorption Spectrum (KBr), v mn cnr 1 : 

1760. 1653, 1603, 1467. 1379, 1279. 
Ultraviolet Absorption Spectrum (H 2 0), ^ nm: 

297 (8340). 

Nuclear Magnetic Resonance Spectrum (D20, 270 MHz), 8 ppm: 

1. 02 (3H, doublet J 3 7. 33 Hz); 
1. 10 (3H, doublet J 8 5. 66 Hz); 
1. 80 - 1. 86 (1H, multiplet); 

2. 14 (2H V broad singlet); 

2. 76 - 3. 05 (1 H, multiplet); 

3. 02, 3. 03 (together 6H, two singlets); 

3. 14 - 3. 33 (3H, multiplet); 
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3. 41 - 3. 90 (10H. multiplet); 
4. 03 - 4. 08 (2H, multiplet); 
4.63-4.70(1H f multipl t). 

EXAMPLES 

(1R. 5S, 6S)^-[(1R>-1-HydroxyethytHHfnethyl-2-r(2S, 
4S)-2^1-methyl-4^yridinlomethyl(»fr 

8(1) (2S, 4S)-4-Mercapto-2-(1-methyl-4-pyrid^ _ 
trifluoromethanesulphonate 

395 mg of (2S, 4S)^4-methcxyberfi^thio)-2-(1-mett^ 
zyloxycarbonyl)pyrrolidine fluorosuiphonate (prepared as described in Preparation 8) were suspended in 660 
til of anisoie, and the suspension was placed on an ice bath. Whilst the suspension was still on the ic bath, 
3. 3 ml of trifluoroacetic acid and 59 \it of trifluoromethanesulphonic acid were added to the suspension, and 
the resulting mixture was stirred for 1 hour at room temperature. At the end of this time, the solvent was removed 
by distillation under reduced pressure, and the residue was washed with diethyl ether by repeated decantation 
and dried under reduced pressure to obtain 352 mg of the title compound, as an ofly substance. 
Infrared Absorption Spectrum (liquid film), Vamx crrr 1 : 

1784, 1700, 1647, 1607, 1581, 1522, 1346, 1294, 1243, 1226. 1171. 

8(2) 4-Nitrobenzyl (1R, 5S, 6S)-6-[(1R)-1 -hydroxy ethyl>1-methyt-2-[(2S, 

4S)-2-(1-methyl-4-pyridiniomethylcarba^ 

-3-carboxylate trifluoromethanesulphonate 

183 mg of 4-nitro benzyl (1R, 5R, 6S)-6-[(1 R)-1 -hydroxyethyl}-1 -methyl-2-oxo-1 K»rt>apenarn-3-carboxy I- 
ate were dissolved in 2. 5 ml of anhydrous acetonitnle, and the solution was placed on an ice bath. Whilst the 
solution was still on the ice bath, 110 \tt of dlphenylphosphoryl chloride and 94 of diisopropylettiylamine 
were added, and the resulting mixture was stirred for 1 hour at this Ice-cooled temperature. 145 \it of diisop- 
ropyiethyi amine and 1. 5 ml of an anhydrous acetonitnle solution containing 352 mg of (2S, 4S)-4-mercapto- 
2-(1-methyt-4-pyridiniomethytcarbai^ trifluoromethanesulphonate 
[prepared as described in step (1) above] were then added to the reaction mixture, still on an ice bath, and the 
resulting mixture was stirred for 1 hour at room temperature. The reaction mixture was then allowed to stand 
in a refrigerator for 5 days. At the end of this time, the solvent was removed by distillation under reduced press- 
ure, and the resulting residue was subjected to Lobar column chromatography (Merck, UChroprep SiSO). Those 
fractions eluted with a 10 : 1 by volume mixture of acetonltrOe and water gave 98 mg of the title compound. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sutphoxide, 270 MHz), 6 ppm: 

1 . 24, 1 . 27 (together 3H, two doublets, J = 7. 32 Hz); 

1. 26, 1. 37 (together 3H, two doublets, J = 6. 35 Hz); 

1.75-2.07 (1H, multiplet); 

Z 68 - 2. 74 (1H, multiplet); 

3. 07 - 3. 78 (5H, multiplet); 

3. 90 - 4. 45 (3H, multiplet); 

4. 25, 4. 28 (together 3H, two singlets); 

4. 53 (2H, singlet); 

5. 20 - 5. 32 (2H. multiplet); 

6. 91-7. 23 (3H, multiplet); 

7. 56 - 7. 96 (4H, multiplet); 

8. 19 -8. 25 (2H, multiplet); 

8. 78 - 8. 96 (3H. multiplet). 

8(3) (1R. 5S, 6S)-6-((1 r^-1-HydroxyethyiH-methyl-2-f(2S, 

4S)-2-(1-MethyJ-4-pyrtdlnio^ -cajteperv2-errH3-carboxylate 

97 mg of 4-nHrobenzyl (1R, 5S, 6S>6^(1 R)-1 -hydroxyethy0-1 -methyt-2-{(2S, 4S)-2-(1-methyl-4-pyrldl- 
niomethytcarbamoyl)-1 -(4-ntobenzy1oxycartwnyl)pyn^ trif- 
luoromethanesulphonate [prepared as described in step (2) above] were dissolved In a mixture of 5 ml of 
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tetrahydrofuran and 5 ml of a 0. 1M phosphate buffer (pH 7. 0). Hydrogen was passed through the solution at 
room temperature for 2 h urs In the presence of 100 mg fa 10% w/w palladfum-on-carbon catalyst The result- 
ing mixture was then subjected to simBar treatment and purification to those described in Exampl 2(1 ), to giv 
10 mg of the title compound. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
298, 258. 

Nuclear Magnetic Resonance Spectrum (D20, 270 MHz), 8 ppm: 

1 . 01 (3H, doublet J = 7. 33 Hz); 
1.10 (3H, doublet J = 6. 23 Hz); 
1 . 60 - 2. 1 2 (2H, multiple!); 

2. 44 - 4. 26 (1 0H f multiplet); 
4. 16 (3H, singlet); 
7. 73 (2H. doublet J * 6. 42 Hz); 
8. 51 (2H, doublet J = 6. 42 Hz). 

EXAMPLE 9 

(1R, 5S f 6S)-6-r(1R)-1-HydroxyethylM-methy1-2-[(2S. 

4S)-2^2-trimethylammonioethylt^amoy^^ 

fluorosulphonate 

9(1) (2S. 4S)-2-(2-Dimethylaminoethylcaiftamoyl)^m 
trifluoromethaneaulphonate 

335 mg of (2S. 4S>2K2Klimethy1aminoethyl carbamoyl )^(^^ 
bonyl)-pyrTolidine (prepared as described in Preparation 4) were dissolved in 1 ml of anlsole, and the solution 
was placed on an ice bath. WhDst the solution was still on the ice bath, 4 ml of trffluoroacetic acid and 120 \i( 
of trifluoromethanesulphonic acid were added to it The resulting mixture was then stirred for 2 hours at room 
temperature. At the end of this time, the solvent was removed by distillation under reduced pressure, and the 
residue was washed with diethyl ether and dried under reduced pressure to give 530 mg of the title compound. 
Infrared Absorption Spectrum (KBr), v max cnr 1 : 

1702, 1524, 1347, 1289, 1227, 1172, 1029, 638. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 0, 270 MHz), 5 ppm: 

1. 72 - 1. 86 (1H, multiplet); 

2. 56 - 2. 72 (1H f multiplet); 

2. 76 (3H, singlet); 

2. 80 (3H, singlet); 

3. 02 - 3. 27 (3H, multiplet); 
3. 34 - 3. 44 (3H, multiplet); 
3. 90 - 4. 04 (1H. multiplet); 

4. 14, 4. 26 (together 1H, two triplets, J = 7. 8 Hz); 
5. 09 - 5. 28 (2H, multiplet); 

7. 55, 7. 63 (together 2H, two doublets, J = 8. 8 Hz); 
8. 24 (2H, doublet J = 8. 8 Hz). 

9(2) 4-Nltrobenzyl (1R, 5S, 6SW(1R)-1-hydroxyethytH-methy1-2^2S, 

4S)-2^2-4rtmethylammonioemylcarbamoyl^^ 

3-carboxylate 

220 mg of 4~nitrobenzyi (1R, 5R, 6S)-6-{(1 R)-1 -hydroxyethyO-1 -methyt-2-oxo-1 -canbapenanv3-carboxyl- 
ate were dissolved in 5 ml of anhydrous acetonftrile, and the solution was placed on an ice bath. Whilst the 
solution was atfll on th ice bath, 130 \il of diphenylph sphoryl chloride and 110 |tf of dlisopropylethylamlne 
were added dropwise, and th resulting mixture was stirred for 30 minutes at this ice-cooled temperature. At 
the end of this time, 250 |il of diisopropyiethyiamine and 5 ml of an anhydrous acetonitrQ solution containing 
530 mg of (2S, 4S)-2H2^imethylamlnoethytcarbamov^ 

trifluoromethanesulphonate [prepared as described in step (1) above] were added dropwise to the reaction mixt- 
ure, still on an Ice bath, and the resulting mixture was stirred for 2 hours at this ice-coded temperature. The 
reaction mixture was then allowed to stand overnight In a refrigerator (at 4°C). At the end of this time, the solvent 
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was removed by distillation under reduced pressure, and the residue was subjected to silica gel Lobar column 
chromatography (Merck, UChroprep SI60). Button using a 7 : 2 : 1 by volume mixture of ethyl acetate, ethane) 
and water afforded 310 mg of the title compound, as a powder. 
Infrared Absorption Spectrum (KBr), v ^ enrr 1 : 

1772, 1707, 1522, 1346, 1280, 1030, 638. 
Nuclear Magnetic Resonance Spectrum (COCf 3 , 270 MHz). 6 ppm: 

1. 28 (3H, doublet J - 7. 3 Hz); 

1. 37 <3H. doublet, J - 6. 4 Hz); 

1. 82 - 2. 26 (1H, multiplet); 

2. 63 - 2. 73 (1H, multiplet); 

2. 88, 2. 90 (together 3H, two singlets); 
2. 96, 2. 98 (together 3H, two singlets); 
3. 26 - 4. 08 (10H, multiplet); 
4. 23 - 4. 32 (2H, multiplet); 
4.43(1H,t J = 7. 3 Hz); 
5. 15 - 5. 53 (4H, multiplet); 
7. 53 (2H, doublet, J = 8. 8 Hz); 

7. 66 (2H, doublet, J = 8. 8 Hz); 

8. 22, 8. 23 (together 4H. two doublets, J = 8. 8 Hz); 
8. 69 (1H, broad). 

9(3) (1R. 5S, 6S)-6-[(1R)-1-HydroxyethyH-1-methyl>2'[(2S, 

4S)-2^2-trimethylammonloethylca^ 

fluorosulphonate 

90 mg of 4-nitrobenzyi (1R, 5S, esJ-e-KIR^I-hydroxyethyll-l^nethyl^^S, 4S)-2.(2-trimethylam. 
monteethyfcaitamoyl)-1^4-nitrobenzyloxyc»rbonyl)pyrrolidin^ [prep- 
ared as described in step (2) above] were dissolved in 2 ml of anhydrous methylene chloride, and the solution 
was placed on an ice bath. Whilst the solution was still on the ice bath, 20 \it of methyl fluorosulphonate were 
added, and the resulting mixture was stirred for 30 minutes at room temperature. At the end of this time, the 
solvent was removed by distillation under reduced pressure, and the resulting crude product was dissolved in 
5 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water. Hydrogen was passed through the resulting 
solution for 2 hours at room temperature in the presence of 90 mg of a 1 0% w/w pal ladlum-on-carbon catalyst 
At the end of this time, the catalyst was removed by filtration. The filtrate was condensed by evaporation under 
reduced pressure, and 5 ml of water were added to the residue. The soluble fraction was subjected to column 
chromatography through a Sephadex G-10 (Pharmacia, 40-120 urn) column, eluted with water. Those frac- 
tions containing the title compound were collected and lyophQized to give 53 mg of the title compound. 
Infrared Absorption Spectrum (KBr), Vm^ crrr 1 : 

1757, 1685. 1602, 1565, 1388. 1280. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 

296. 

Nuclear Magnetic Resonance Spectrum (C^O, 270 MHz), 5 ppm: 
1. 01 (3H. doublet J & 7. 3 Hz); 
1. 09 (3H. doublet J = 6. 4 Hz); 
1 . 87 - 1 . 97 (1 H, multiplet); 
2. 68 - 2. 80 (1H, multiplet); 
3. 01 (9H, singlet); 
3. 03 - 3. 72 (1 1 H, multiplet); 
3.82-3. 90 (1H, multiplet); 
4. 00 - 4. 11 (2H. multiplet); 
4. 28 - 4. 34 (1H, multiplet). 

EXAMPLE 10 

OR, SS. 6S)-6-K1 RH-HydroxyethyfH -methyl-2-[(2S, 
4S)-2-(2-trimeftylammonloeth^ 

28 mg of (1R, 5S, 6S)^(1R)-1-hydroxyethyQ-1-methyl-2-[(2S > 4S>2-(2-trlmethylammonIoethylcar- 
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bamoyl)-pyrrolidin^ytthioHH^ fluorosulphonate [prepared as described in 

Example 9(3)] were dissolved In 3 ml of water. The solution was then subjected to ion-exchange column 
chromatography through 10 ml of an ion-exchange resin (Dowex 1 - x4, 50-100 mesh, Cl- type) and eluted 
with water. Those fractions containing the title compound were collected and lyophflized to obtain 1 4 mg of the 
tide compound as a powder. 

Nuclear Magnetic Resonance Spectrum (D z O. 270 MHz), 6 ppm: 
1. 01 (3H, doublet, J * 7. 3 Hz); 
1. 09 (3H, doublet, J = 6. 4 Hz); 
1.85-1. 95(1 H, multiplet); 
2.65-2. 78(1 H.multiplet); 
3. 01 (9H, singlet); 
3. 05 • 3. 69 (1 1 H, multiplet); 

3. 78 - 3. 88 (1H, multiplet); 

4. 01 - 4. 10 (2H, multiplet); 
4. 23 - 4. 29 (1H. multiplet). 

EXAMPLE 11 

(1R.5S, 

6S)-6H:(1RH-Hydroxyethyn-1^ethyl-2^ 
bapen-2-em-3-cart>oxylate fluorosulphonate 

1 1 (1 ) (4S)-4-Meroapto-1-(4-nitrobenzy1oxycarbon^ 
bfs(trffluoromethanesulphonate) 

770 mg of (4S)-4-<4-methaxybenzylthio)-2-{(^ 
roiidine (prepared as described in Preparation 6) were suspended in 1. 5 ml of anisde, and the suspension 
was placed on an ice bath. Whilst the suspension was still on the ice bath, 6. 5 ml of trifluoroacetic acid and 
246 til of trifluoromethanesuiphonlc acid were added to it, and the resulting mixture was stirred for 1 . 5 hours 
at room temperature. At the end of this time, the solvent was removed by distillation under reduced pressure, 
and the resulting residue was washed with hexane; the product was then precipitated by the addition of diethyl 
ether, and the mixture was ffltered, to give 813 mg of the title compound. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 5 ppm: 

1.37-2.10(6H. multiplet); 

2. 54 - 3. 70 (9H, multiplet); 

3. 79 - 4. 37 (3H. multiplet); 

5. 08 - 5. 30 (2H. multiplet); 

7. 50 - 7. 73 (2H. multiplet); 

8. 17 - 8. 43 (2H, multiplet). 

11(2) 4-Nitrobenzyi (1R, 5S t 

6S)-e^1RH-hydroxyethyq-1-metr^ 

lidln-4-ylthk)H"Carfaapen*2-ern-3^arfaoxyiate 

388 mg of 4-nitrobenzyi (1R, 5R, 6R)-6-{(1 R)-1 -hydroxyethyl}-1 -methyt-2-oxo-1 -carbapenam-3-carboxyl- 
ate were dissolved In 4 ml of anhydrous acetonftrOe. and the solution was placed on an Ice bath. Whilst the 
solution was stfll on the Ice bath, 302 mg of diphenyfphosphoryl chloride and 145 mg of diisopropylethylamine 
were added dropwise to it, and the resulting mixture was stirred for 30 minutes at this ice-cooled temperature. 
At the end of this time, 504 mg of dQsopropyiethyiamlne and 4 ml of an anhydrous acetonitrfle solution containing 
813 mg of (4S)-4-mercapto-1^4wiitr^ bls(trif- 
luoromethanesulphonate) [prepared as described in step (1) above], were added to the reaction mixture, still 
on an Ice bath, and the mixture was stirred for 3 hours at this ice-cooled temperature. It was then allowed to 
stand n an Ice bath overnight At the nd of this time, the solvent was removed by distillation under reduced 
pressure, and an aqueous solution of sodium hydrogencarbonate was added; the mixture was then extracted 
with ethyl acetate. Th xtract was dried over anhydrous magnesium sulphate, and then the solvent was 
removed by distilation under reduced pressure. The residue was subjected to Lobar column chromatography 
(Merck, UChroprep RP-8). Button with 60 - 80% by volume aqueous methanol gave 1 60 mg of the title com- 
pound. 
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Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 
1. 11, 1. 27 (together 3H. two doublets, J = 7. 0 Hz); 
1. 21, 1. 37 (together 3H, two doublets, J = 6. 4 Hz); 
1.55 - 2.20 (5H, multiplet); 
2.35-3. 10 (9H, multiplet); 
3.15-4. 15 (6H, multiplet); 
4.15-4.50 (2H, multiplet); 
5. 24 (2H, singlet); 
5. 20 - 5. 51 (2H. multiplet); 
7. 00 (1H. broad); 
7. 45 - 7. 67 (4H. multiplet); 
8. 20 - 8. 30 (4H V multiplet). 

11(3)(1R.5S. 

6S)-6^(1RH-Hydroxyethyfr1-meft^ 
apen-2-env3-carboxylate fluorosulphonate 

160 mg of 4-nltrophenyl (1R, 5S, 6S)-6-{(1 R)-1 -hydroxy ethyl]-1 -methyt-2-{(4S}-1 -(4-nrtrobenzyloxycar- 
bony!)-2-I(3-quinudidinyl)carbamoyl]py^ [prepared as described in step 

(2) above] were dissolved in 2 ml of methylene chloride, and the solution was placed on an ice bath. Whilst the 
solution was still on the ice bath. 46. 9 mg of methyl fluorosulphonate were added to the solution, and the result- 
ing mixture was stirred for 3 hours at room temperature. At the end of this time, the solvent was removed by 
distfllation under reduced pressure, and the resulting residue was dissolved in a mixture of 4 ml of tetrahyd- 
rofuran and 4 ml of water. Hydrogen was then passed through the solution for 2 hours at room temperature in 
the presence of a 10% w/w palladium-on-carbon catalyst The catalyst was then removed by filtration. The fil- 
trate was washed with diethyl ether, subjected to Lobar column chromatography (Merck, UChroprep RP-8) and 
eiuted with 7% v/v aqueous acetonitrile. Those fractions containing the title compound were collected, conden- 
sed by evaporation under reduced pressure and lyophilized to obtain 53 mg of the title compound. 
Infrared Absorption Spectrum (KBr), v mmx cm - 1 : 

1759, 1681. 1559. 1470, 1379. 1289, 1070. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 

297. 

Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz), 8 ppm: 
1. 02 (3H. doublet J = 6. 84 Hz); 
1.10 (3H, doublet, J = 6. 34 Hz); 

1. 75 - 2. 30 (5H, multiplet); 

2. 82, 2. 84 (together 3H, two singlets); 
2. 65 - 4. 90 (17H, multiplet). 

EXAMPLE 12 

(1R.5S. 6SV2-K2S. 
4S)-244-(24iydroxyethyl)-4-^ 
-1-carbapen-2-em-3-carboxylate fluorosulphonate 

12(1) (2S. 

4S)-2-[4-(2-Hydroxyethyl)plperazinytca^ 
bis(trffluoromethanesulphonate) 

288 mg of (2S, 4S)-2^4^2-hydroxyethyi)piperazinyl carbon^ 
zytoxycarbonyt)pym>lidine (prepared as described in Preparation 7) were dissolved In 560 uf of anisole, and 
th solution was placed on an Ice bath. 2. 8 ml of trifluoroacetfc acid and 91 uf of trifluoromethanesulphonlc 
acid were added to the solution, stfll on the ice bath, and the resulting mixture was stirred for hour at room tem- 
perature. At the end of this time, the solvent was removed by distfllation under reduced pressure. The resulting 
residue was washed with diethyl ether by repeated decantatton, and then dried under reduced pressure, to give 
380 mg of the title compound. 
Infrared Absorption Spectrum (KBr), 

1795. 1705. 1666, 1609. 1525. 1442. 1408, 1348. 1281, 1226. 1169. 
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Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz), 6 ppm: 
1. 54 - 1. 63 (1H, multiplet); 
5 2. 61 - 2. 72 (1 H. multiplet); 

2. 90 - 4. 46 (14H. multiplet); 
4. 64 - 4. 96 (2H, multiple!); 
5. 08 <2H, singlet); 

7. 42 (2H, doublet J = 8. 79 Hz); 
10 8. 08, 8. 10 (together 2H, two doublets, J = 8. 79 Hz). 

12(2) 4-Nitrobenzyl (1R. 5S, 6S)-6[(1R)-1»hydroxyethyO-2-f(2S, 

4S)-2-{4-(2-hydroxyethyi)-4-methyi-1 -ptperazinyicarbonytl-1 K4^rtrobenzyloxycarbonyDpyrrolidin-4-ylthioH -m 
ethyt-1 -carbapen-2-em-3-carboxylate 

15 

148 mg of 4-nitrobenzyl (1R, 5R, 6S)-6-{(1|^1-hydroxyethyl]-1^ethyi-2-ox^ 
ate were dissolved in 1. 9 ml of anhydrous acetonitrile, and the solution was placed on an ice bath. 90 \it of 
diphenyiphosphorylchloride and 76 of dlisopropylethylamine, were added dropwise to the solution, stfl on 
the Ice bath, and the resulting mixture was stirred for 1 hour at this ice-cooled temperature. At the end of this 

20 time, 257 pi of diisopropytethylamine and 1. 6 ml of an anhydrous acetonftrOe solution containing 361 mg of 
(2S, 4S)-2-[4-(2^ydroxyethyi)piperazinylcaito bis- 
(trifluoromethanesulphonate) [prepared as described in step (1) above] were added dropwise to the reaction 
mixture, still on the ice bath, and the mixture was stirred for 6 hours at this ice-coded temperature; it was then 
allowed to stand overnight in a refrigerator. The reaction mixture was then treated in a simlar manner to that 

25 described In Example 1(2), after which it was subjected to Lobar column chromatography (Merck, Uchropr p 
Si60). Those fractions eiuted with a 5 : 1 by volume mixture of acetonftrile and methanol yielded 220 mg of the 
title compound. 

Ultraviolet Absorption Spectrum ( methanol ), nm: 
268, 315. 

30 Thin layer chromatography: Kieselgel L60F 2W (Merck); 

(Developing solvent a 5 : 1 by volume mixture of acetonitrile and methanol): 
Rf«0. 33 

Infrared Absorption Spectrum (KBr), v max cm - 1 : 

1772, 1710. 1652. 1606, 1521. 1489, 1440, 1405, 1345, 1280, 1207. 
35 Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 5 ppm: 

1. 27, 1. 28 (together 3H, two doublets, J = 7. 33 Hz); 

1. 37 (3H. doublet, J - 6. 35 Hz); 

1. 82 - 2. 00 (1H. multiplet); 

Z 33 - Z 78 (8H. multiplet); 
40 3. 25 - 3. 29 (1 H, multiplet); 

3. 32-3. 82 (9H. multiplet); 
4. 00-4. 30 (3H, multiplet); 

4. 69, 4. 74 (together 1H, two triplets, J = 7. 81 Hz); 
5. 05 - 5. 52 (5H, multiplet); 
45 7. 44. 7. 51 (together 2H. two doublets. J = 8. 79 Hz); 

7. 64 (2H, doublet, J - 8. 79 Hz); 
8. 23 (4H, doublet, J = 8. 79 Hz). 



» 12(3) (1R, SS. 6S)-64(1RH-Hydroxyethyt)-2-[(2S f 
4S)-24*^4iydroxyethy1HHnethyM-tf 
rboxylate fluorosulphonate 

200 mg of4~nitrobenzyl (1R, 5S, 6S>^(1RRH-hydraxyethytl.2-((2S, 4S)-244K2-hydroxyethyl)-4-methyi- 
55 1^iperazinytcarbony1)-1^4^ftrobe 

late [prepared as described in step (2) above] ware dissolved In 4 ml of methylene chloride, and the solution 
was placed on an ice bath. 40 pi of methyl fluorosuJphonate were added to the solution, still on the ice bath, 
and th resulting mixture was stirred for 1 hour at room temperature. At the nd of this time, the solvent was 
removed by distillation under reduced pressure. The crude product thus obtained was then dissolved In a mixt- 
ure of 10 mi of tetrahydrofuran and 10 ml of water, and hydrogen gas was passed through th solution for 2 
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hours at room temperature in the presence of 200 mg of a 1 0% w/w paltadium-on-carbon catalyst The product 
was then treated, purified and lyophOized In a similar manner to that described in Example 1(3), to give 94 mg 
5 of the title compound. 

Ultraviolet Absorption Spectrum (H 2 0), ^ nm: 
297. 

High performance liquid chromatography: 

Column: YMC ODS A-312; 
10 Solvent an 85 : 15 by volume mixture of 0. 2% 

aqueous ammonium acetate and methanol; 

Row rate: 1 . 0 ml/min.; 

Retention time: 15. 15 mln. 
Infrared Absorption Spectrum (KBr), X ^ crrr 1 : 
15 1759, 1682, 1602, 1460, 1380, 1282. 

Nuclear Magnetic Resonance Spectrum (D^O, 270 MHz), 6 ppm: 

1. 02 (3H, doublet, J = 7. 33 Hz); 

1. 10 (3H, doublet, J = 6. 34 Hz); 

1.74-1.86(1H, multiplet); 
20 Z 78 - 2. 93 (1H. multiplet); 

3. 12, 3. 13 (together 3H, two singlets); 

3. 12 -3. 34 (3H, multiplet); 

3. 37 - 3. 98 (14H, multiplet); 

4. 00 - 4. 12 (2H. multiplet); 
25 4. 57 - 4. 66 (1 H, multiplet). 

EXAMPLE 13 

(1R, 5S, 6SV2-K2S, 
30 4S)-2^4-(2<?arbamoyloxyethyl)-^^ 

ethyt*1-carbapen-2-em-3-carfaoxylate fluorosulphonate 

13(1) (2S, 

4S)-2-{4-(2-Carbamoyloxyethyl)-1 -piperazinytcarbonyl]-4-mercapto-1 -(4-nitrobenzyloxycarbonyl)-pyrrolidln 
35 trifluoromethanesulphonate 

2. 67 ml of trifluoroacatic acid and 122 pi of trifluoromethanesu! phonic acid were added, whilst ice-cooling, 
to a solution of 417 mg of (2S, 4S)-2^4K2-K^amoyloxyethyl)-1-pi^ 

1^4^ttrobenzytoxycarbonyl)pynolkline (prepared as described In Preparation 9) in 753 jif of anisole, and the 
40 resulting mixture was stirred at the same temperature for 1 hour. At the end of this time, the solvent was removed 

by distillation under reduced pressure, and the resulting residue was washed with diethyl ether by repeated 

decantation and dried under reduced pressure to give 325 mg of the title compound, as a powder. 

Infrared Absorption Spectrum (KBr), v max crrr 1 : 

1707, 1608, 1524, 1438, 1347, 1280, 1169, 1030. 
45 Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide + D 2 O t 270 MHz), 5 ppm: 

1. 60 - 1. 84 (1H, multiplet); . 

2. 65 - 2. 90 (1 H. multiplet); 
2. 85 - 4. 60 (14H, multiplet); 
4. 63 - 5. 30 (4H, multiplet); 

50 7. 52, 7. 64 (together 2H, two doublets, J = 8. 79 Hz); 

8. 23, 8. 24 (together 2H, two doublets, J = 8. 79 Hz). 

13(2) 4-Nltrobenzyl (1R, 5S, 6S)-2-{(2S, 

4S)-244K2-cart>amaylQxyethyl)-1 -plperazlnyl carbonylH ^4^rtrobenzylaxycarfeonyQpyiTOlidln^ R 
55 H -hydroxyethyll-1 -methyl-1 Hart>apefv2-em-3-carboxytate 

91 fif of diphenyl phosphorochloridate and 77 (if of dilsopropytethytamine were added dropwis , whilst 
tee-cooling, to a solution of 152 mg of4-nftrobenzyi (1R, 5R, 6S>6-{( 1 R)-1 -hydroxyethylM -methy1-2-oxo-1 -car- 
bapenam-3-carboxytate in 2. 0 ml of anhydrous acetonitrie, and the resulting mixture was stirred at the same 
temperature for 1 hour. At the end of this time, 176 \it of diisopropylethylamine and a solution of 318 mg of 
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(2S, 4§)-2-[4-(2-carbafnoyloxyethyl)-1 ^iperazinylc»rbonyf}-4^ercapto-H4^fto^ 
• dine trifiuoromethanesulphonate [prepared as described In step (1) above] in 2. 0 ml of anhydrous acetonttrile 
5 were then added dropwise to the mixture, whilst ice-cooling, and the mixtur was stirred at the same tempera- 
ture for 2 hours. At the end of this time, the reaction mixture was allowed to stand overnight in a refrigerator, 
after which it was freed from the solvent by distillation under reduced pressure. The resulting residue was mixed 
with an aqueous solution of sodium hydrogencarbonate and then extracted with ethyl acetate. The extract was 
dried over anhydrous magnesium sulphate, and the solvent was removed by distillation under reduced press- 
to ure. The resulting residue was purified by chromatography through a Lobar column (a product of Merk & Co., 
Inc., UChroprep S160, size B). Those fractions eluted with a 5 : 1 by volume mixture of ethyl acetate and 
methanol were collected and concentrated by evaporation under reduced pressure, to give 99 mg of th title 
compound as a powder. 
Infrared Absorption Spectrum (KBr), v mmx cm - 1 : 
15 1773, 1711, 1650, 1521, 1345. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 6 ppm: 

1.15 (3H, doublet. J ■ 6. 35 Hz); 

1.16 (3H. doublet J - 7. 32 Hz); 
1.51 -1.72(1 H, multiplet); 

20 2. 10 - 2. 57 (6H, multiplet); 

2. 72 - 2. 93 (1 H, multiplet); 

3. 06 - 4. 30 (13H. multiplet); 

4. 76, 4. 85 (together 1H. two triplets, J = 7. 81 Hz); 

5. 03-5. 27 (3H, multiplet); 
25 5. 30, 5. 46 (2H, AB-quartet, J = 14. 16 Hz); 

6. 46 (2H t broad singlet); 

7. 55, 7. 65 (together 2H, two doublets, J = 8. 79 Hz); 

7. 72 (2H, doublet, J * 8. 79 Hz); 

8. 22, 8. 23 (together 4H, two doublets, J - 8. 79 Hz). 

30 

13(3) (1R, 5S, 6S)-2-{(2S, 
4S)-2^4K2^arbamoyloxyethyi)^methyM 
ethyi-1-carbapen-2-etn-3-carboxylate fluorosulphonate 

35 20 pt of methyl fluorosulphonate were added to a solution of 94 mg of 4-nitrobenzyt (1 R, 5S, 6S}-2-{(2S, 

4S)-2-[4-(2-carbamoyloxyethyl)-1 -piperazinylcarbonyi]-H4^itrobenzyto R) 
-1 -hydroxyethyl]-1 -methyM -carta pen-2-em-3-carboxylate [prepared as described in step (2) above] in 2. 0 ml 
of anhydrous methylene chloride, and the resulting mixture was stirred at room temperature for 2 hours. At the 
end of this time, the solvent was removed by distillation under reduced pressure, and the resulting powdery 
40 residue was dissolved in 10 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water, and hydrogenated 
at room temperature for 2 hours in the presence of 80 mg of a 10% w/w palladium-on-charcoai catalyst Th 
catalyst was then removed by filtration, and the filtrate was extracted twice with diethyl ether. The aqueous layer 
was concentrated by evaporation under reduced pressure and then lyophflized to give 70 mg of a powdery crude 
product This crude product was subjected to column chromatography using a Lobar column (a product of Merck 
45 & Co., Inc., UChroprep RP-8, size A) and the column was eluted with water. Those fractions containing the 
desired compound were collected and concentrated by evaporation under reduced pressure. The residue was 
lyophilized, to give 37 mg of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr), Vmxcm - 1 : 
1736. 1662, 1604, 1389, 1276, 1259, 1161. 
50 Nuclear Magnetic Resonance Spectrum (DaO, 270 MHz), 6 ppm: 
1 . 02 (3H, doublet J = 7. 32 Hz); 
1. 09 (3H, doublet J = 6. 35 Hz); 
1. 69 * 1.83 (1H, multiplet); 
Z 73 - 2. 88 (1H, multiplet); 
55 3. 12, 3. 13 (3H, two singlets); 

3. 1 5 - 3. 30 (3H, multiplet); 
3. 41 - 3. 62 (6H. multiplet); 

3. 65 - 3. 91 (6H. multiplet); 
3. 97 - 4. 12 (2H, multiplet); 

4. 34 * 4. 42 (2H, multiplet); 
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4. 49 - 4. 64 (1H, multiplet). 
EXAMPLE 14 

(1R,SS. 6SV2-{(2S, 

4S)-2^4^2^rt)amoytoxyethyl^ 
ethyM-carbapen-2-enfv-3-rarbaxylatB hydrochloride 

665 mg of the crude product which was obtained as described in Example 13(3) were subjected to column 
chromatography using 280 ml of an ion-exchange resin (a product of Japan Organo Co., Ltd., Amberiite IRA-66, 
(CH3)sN- type) and the column was eluted with water. 1. 1 ml of IN aqueous hydrochloric acid was added to 
the combined fractions containing the desired compound, and the resulting mixture was concentrated by 
evaporation under reduced pressure and then lyophilfzed to give 573 mg of a powdery crude product The whole 
of this crude product was subjected to column chromatography through a Lobar column (a product of Merck & 
Co., Inc., UChroprep RP-8, size B) and the column was eluted with water containing 3% by volume methanol. 
The combined fractions containing the desired compound were collected and concentrated by evaporation 
under reduced pressure. The residue was lyophDized, to give 377 mg of the title compound as a colourless 
powder. 

Infrared Absorption Spectrum (KBr), v^cm- 1 : 

1728, 1659, 1602, 1463, 1386. 1331, 1261. 
Ultraviolet Absorption Spectrum (H 2 0), X ^ nm ( e ): 

295. 6 (8, 794). 

Nuclear Magnetic Resonance Spectrum (D 2 O t 270 MHz), 5 ppm: 
1 . 02 (3H, doublet, J » 7. 32 Hz); 
1. 09 (3H, doublet, J = 6. 35 Hz); 
1.70-1.90 (1H, multiplet); 
2. 76 - 2. 96 (1H, multiplet); 
3. 12, 3. 14 (together 3H, two singlets); 
3. 11 - 3. 32 (3H, multiplet); 
3. 40 * 3. 95 (12H, multiplet); 

3. 98-4. 13 (2H, multiplet); 

4. 32 - 4. 44 (2H, multiplet); 
4. 60 - 4. 77 (1H, multiplet). 

EXAMPLE 15 

(1R.5S, 6SV2-{(2S, 

4S)-2-[4-(2-Carbamoylaxyethyl)-4-meth^ 
ethyM-carbapen-2-em-3-carboxylatB hydrochloride 

30 mg of the crude product which was obtained as described in Example 13(3) were subjected to column 
chromatography through 100 ml of an ion-exchange resin (Dowex 1-x4, 50-100 mesh, Cf- type) and the column 
was eluted with water. The combined fractions containing the title compound were concentrated by evaporati n 
under reduced pressure, and the residue was lyophllized to give 16 mg of the title compound as a colourless 
powder. The Infra-red and nuclear magnetic resonance spectra of the compound were precisely the sam as 
those of the compound obtained as described in Example 14. 

EXAMPLE 16 

OR, 5S, 6SV2-K2S, 
4S)-2-(4-Cart>amoylmethyl-4^ 
M-caibapen-2-em-3-carboxyfate hydrochloride 

16(1) (2S, 

4S)-2-(4-Cari>anx>ytmethyM^ 
trifluoromethanesulphonate 

2. 88 ml of trtfluoroacetic acid and 94 jif of trifiuoromethanesulphonlc acid were added to a suspension of 
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305 mg of (2S, 4^2^4-carbamoylmethyM-ptperazfnylcarbonyl enzyl- 
oxycarbonyOpyrToiidine (prepared as described fn Preparation 10) in 577 \xt of anisole, whilst ice-cooling, and 
then the resulting mixture was stirred at room temperature for 1 hour. It was then treated In a similar manner 
to that described in Example 13(1), to give 316 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1700, 1608, 1523, 1440, 1409. 1348, 1278, 1255. 1227, 1170. 1030. 
Nuclear Magnetic Resonance Spectrum (D20, 270 MHz), 8 ppm: 

1.56-1.72,2. 11-2.20 (together 1H, two multiplets); 

2. 62 - 2. 72 (0. 5H. multiplet); 

2. 90 - 4. 02 (12. 5H, multiplet); 

3. 82, 3. 92 (together 2H, two singlets); 

4. 62-5. 13 (3H, multiplet); 

7. 35 (1 H, doublet, J * 8. 30 Hz); 
7. 42 (1H t doublet J = 8. 79 Hz); 

8. 08 (1 H, doublet J = 8. 79 Hz); 
8. 10 (1H V doublet J = 8. 30 Hz ). 

16(2) 4-Nitrobenzyl (1R. 5S, 6S)-2-[(2S, 
4S)-2^4-caifeamoylmethyl-1-piperazinyl 
en-2-em-3-carboxylate 

94 of diphenyl phosphorochloridate and 79 of diisopropyfethytamine were added dropwise to a sol- 
ution of 154 mg of 4-nitrophenyl (1R, 5R, 6S)^^(1R>-1-hydroxyethyl>1^ethyl-2-oxo-1-carbapenam-3-car- 
boxyiate in 1 . 7 ml of anhydrous acetonftrile, whilst ice-cooling, and the resulting mixture was stirred at the sam 
temperature for 1 hour. 212 \xt of diisopropylethylamine and a solution of 306 mg of (2S, 4S)-2-(4-car- 
bamoyimethyt-1 s>iperazinytcarbony1)-4^ercapto-1-(4-^ trif- 
luoromethanesulphonate [prepared as described In step (1) above] in 2 ml of anhydrous acetonitrSe were then 
added dropwise to the mixture, whilst ice-cooling, after which the mixture was stirred overnight at the same 
temperature. The mixture was then treated by a similar procedure to that described in Example 13(2), to give 
125 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), v ^ cnr 1 : 

1772, 1708, 1606. 1520, 1440, 1404. 1345. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 

1. 27. 1. 28 (together 3H. two doublets. J = 7. 33 Hz); 

1. 37 (3H. doublet J = 6. 34 Hz); 

1. 86 - 1. 98 (1H. multiplet); 

2. 42 - 2. 76 (5H. multiplet); 

3. 01 , 3. 07 (together 2H. two singlets); 

3. 23 (1H, doublet of doublets, J = 6. 83, 2. 44 Hz); 

3. 31 - 4. 30 (10H, multiplet); 

4. 73, 4. 76 (together 1 H ( two triplets, J = 7. 81 Hz); 

5. 05 - 5. 52 (6H, multiplet); 

6. 72, 6. 87 (together 1 H, two broad singlets); 

7. 37, 7. 51 (together 2H, two doublets, J « 8. 79 Hz); 

7. 65 (2H, doublet J = 8. 79 Hz); 

8. 20, 8. 23 (together 4H, two doublets, J = 8. 79 Hz). 

16(3) (1R, SS. 6S>-2-K2S. 

4S)-2-(4-Carbamoylmethy1-4-methy1-1 -plperazlniocarbonyl)pyrrolldln^4*ylthlo>64(1 R)-1 -hydroxyethyil-1 -methy 
M-carbapen-2-em-3-carboxylate hydrochloride 

24 |tf of methyl fluorosulphonate were added to a solution of 123 mg of 4-nitrobenzyl (1R, 5S, 6S)-2-((2S, 
4S)-2-(4-carbamoytmethyl-1-pIpera 

bapen-2-em-3-carboxylate [prepared as described in step (2) above] in 2. 3 ml of methylene chloride, whilst 
Ice-cooling, and th resulting mixture was stirred at room temperature for 1 hour. At the end of this time, the 
solvent was removed by distillation under reduced pressure, and the residue was hydrogenated, separated and 
lyophylized following similar procedures to those described In Example 13(3). The resulting crude product was 
subjected to column chromatography using 100 ml of an ion-exchange resin (Dowex 1-x4, 50-100 mesh, Ci- 
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type) and water as the eluent Thos fractions containing th tit) compound were collected, concentrated by 
evaporation under reduced pressure and lyophQized. The resulting powder was subjected to column 
chromatography through a Lobar column (UChroprep RP-8, size A) using water as the eluent Those fractions 
containing the title compound were coll cted, concentrated by vaporatton under reduced pressure and 
lyophilized to give 34 mg of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr), cmr 1 : 

1764, 1694, 1660, 1600, 1453, 1386, 1259. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 

297. 5. 

Nuclear Magnetic Resonance Spectrum (D20, 270 MHz), 5 ppm: 
1. 02 (3H. doublet, J = 7. 32 Hz); 
1.10 (3H, doublet, J ■ 6. 35 Hz); 
1.72-1. 83 (IH.multiplet); 
2. 76 - 2. 88 (1H, multiplet); 
3.13-3. 30(2H t multiplet); 
3. 26 (3H, singlet); 
3. 43 - 3. 88 (11 H, multiplet); 
4. 02 - 4. 15 (4H, multiplet); 
4. 51 - 4. 58 (1H, multiplet). 



EXAMPLE 17 
(1R, 5S, 6S)-2-[(2S, 

4S)-2-(4-C^rboxymeuiyl-^ R)-1-hydroxyethy1)-lHm thyM 

-carbapen-2-em-3-carboxylate 

17(1) (2S, 4S)-4-Mercapto-2-[4-(4-nitrobenzylox^ 
bis(trifluoromethanesulphonate) 

8. 0 ml of trifluoroacetic acid and 160 ixf of trifluoromethanesulphonic acid were added, whilst ice-cooling, 
to a suspension of 1120 mg of (2S, 4^^4^ethoxybenzytthio^ 

piperazinylcarbonyl]-1-(4-nitroben^oxycarbonyl)-pyrrolidin (prepared as described in Preparation 11) in 1. 
75 ml of anisoie, and the resulting mixture was stirred at room temperature for 1. 5 hours. At the end of this 
time, it was treated by a similar procedure to that described in Example 13(1), to give 1. 58 g of the title com- 
pound as a powder. 

Infrared Absorption Spectrum (KBr), v^, cnr 1 : 

1756, 1704, 1667, 1523, 1441, 1348. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 8 ppm: 

1.60-1.76(1H, multiplet); 

2. 70 - 2. 85 (1H, multiplet); 

3. 08 - 3. 42 (9H, multiplet); 
3. 65 - 3. 83 (3H, multiplet); 

3. 94, 4. 05 (together 1H, two doubled doublets, J - 9. 8 & 6. 8 Hz); 

4. 72, 4. 81 (together 1 H, two triplets, J = 8. 1 Hz); 

5. 05 - 5. 26 (2H, multiplet); 

5. 42, 5. 43 (together 2H, two singlets); 

7. 52, 7. 64, 7. 69. 7. 69, 7. 70 (together 4H. four doublets, J = 8. 8 Hz); 
8. 23, 8. 24, 8. 28 (together 4H, three doublets, J - 8. 8 Hz). 

17(2) 4-Nitrobenzyl (1R, 5S, 6S)-6H(1RH-hydraxyethylH 

4S)-2^4-(4-nitrobeazyloxycaifro 

oxylate 

290 \xZ of diphenyi phophorochloridate and 245 ui of dilsopropyiethylamine were added dropwise, whilst 
ice-cooling, to a solution of 500 mg of4-nftrobenzyl (1R, 5R, 6S)-6-[(1 R)-1 -hydroxyethyM -methyl-2-oxo-1 -car- 
bapermm-3-carboxylate In 5 ml of anhydrous acetonltrle, and the resulting mixture was stirred at the same tem- 
perature for 1 hour. At the end of this time, 520 uf of diisopropytethyiamine and a solution of 1 . 57 g of (2S, 
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4§>4-fnefcapto-2-t4-(4-nitrober^ btetfrff- 
iuoromethanesulphohate) [prepared as described In step (1) above] in 5 ml of anhydrous acetonrtrile were 
added to the mixture. The resulting mixture was then stirred overnight at the same temperature, after which 
the reaction mixture was treated and purified by a procedure similar to that described in Example 1 3(2), to give 
706 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr) f cnr 1 : 

1772, 1710, 1664, 1521, 1346. 
Nuclear Magnetic Resonance Spectrum (CDCl 3l 270 MHz), 8 ppm: 

1. 27 (3H. doublet, J = 7. 3 Hz); 

1. 37 (3H, doublet, J = 5. 9 Hz); 

1.85-2. 06 (2H t muitiplet); 

2. 53 - 2. 77 (5H, muitiplet); 

3. 25 - 3. 76 (10H, muitiplet); 

4. 03 - 4. 28 (3H, muitiplet); 

4.67-4. 79(1 H. muitiplet); 

5. 06 - 5. 52 (6H, muitiplet); 

7. 43 - 7. 66 (6H, muitiplet); 
8. 20 - 8. 25 (6H, muitiplet). 

17(3) (1R,5S. 6SV2-K2S, 

4S)-2H4-Carboxymethyi-4-methyM^ 

-carbapen-2-errv3-carboxylate 

90 pi of methyl fluorosulphonate were added, whilst ice-cooling, to a solution of 700 mg of 4-nitrobenzyl 
( 1 5> 5S, 6S)-6-[(1|^1-hydroxyethyl}-2-{(2S, 4S)-2^4^4-nitroberuyloxycarbonytme 
bonyOpyrrdidine^ylthioM-me [prepared as described In step (1) above] 

In 20 ml of anhydrous methylene chloride, and the resulting mixture was stirred at room temperature for 1 hour. 
At the end of this time, the solvent was removed by distillation under reduced pressure, and the resulting residue 
was dissolved in a 1 : 1 by volume mixture of tetrahydrofuran and water and hydrogenated at room temperature 
for 3 hours in the presence of 1. 4 g of a 10% w/w palladium-on-charcoal catalyst The catalyst was then 
removed by filtration, and the filtrate was extracted with 100 ml of diethyl ether. The aqueous layer was then 
concentrated by evaporation under reduced pressure to a volume of 20 ml and lyophilized to afford 410 mg of 
a crude product as a powder. The whole of this crude product was then subjected to column chromatography 
through two Lobar columns (RP-8, size B) using, first, 300 ml of water and, subsequently, 200 ml of water con- 
taining 2% by volume of methanol as the eluents. Those fractions containing the title compound were collected, 
concentrated by evaporation under reduced pressure and lyophilized, to give 200 mg of the title compound as 
a colourless powder. 

Infrared Absorption Spectrum (KBr). cnr 1 : 

1756, 1634, 1366, 1259. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 

296.6. 

Nuclear Magnetic Resonance Spectrum (D20, 270 MHz), 5 ppm: 
1. 02 (3H t doublet, J » 7. 3 Hz); 
1. 10 (3H, doublet, J = 6. 3 Hz); 
1.74-1.84(1H, muitiplet); 
2. 80 - 2. 91 (1H, muitiplet); 
3. 21, 3. 22 (together 3H, two singlets); 
3. 1 2 - 3. 29 (4H, muitiplet); 

3. 44 - 4. 10 (16H, muitiplet); 
4. 57 - 4. 67 (1H, muitiplet). 
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EXAMPLE 18 

(1R, SS. 6S)-2-{(2S. 

4S)-2^4^arboxymethyl^^ 

thyM-carbaperv-2-em-3-carfaoxylate 

16(1) (2S. 

4S)^Mert^to-2-{4^4wiitrobenzyloxycajto 
yQpyrrolidine bls(trffiuoromethanesulphonate) 

15 ml of trifluoroacetic acid and 0. 36 ml of trifluoromethanesulphonlc acid were added to a solution of 1. 
47 g of (2S, 4S>^4-methoxybenzylthk>^ 

1-(4-nttrobenzyloxycarbonyl)pyrrolldine (prepared as described in Preparation 12) in 2. 2 ml of anisole, and the 
resulting mixture was stirred at room temperature for 1 hour. At the end of this time, the reaction mixture was 
treated by a procedure similar to that described in Example 1 3<1 ), to give 1 . 8 g of the title compound as a pow- 
der. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1757, 1700, 1608, 1523, 1441, 1408, 1348. 
Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 6 ppm; 

1.61 -1.80(1 H, multiplet); 

2. 00 - 2. 28 (2H. multiplet); 

2. 65-2.86 (1H, multiplet); 

3. 08 - 4. 24 (13H, multiplet); 

4. 31 - 4. 48 (2H, multiplet); 

5. 02 - 5. 37 (2H, multiplet); 
5. 42 (2H, singlet); 

7. 52, 7. 62 (together 2H, two doublets. J = 8. 30 Hz); 
7. 69 (2H, doublet, J = 8. 79 Hz); 

8. 23 (2H, doublet, J = 8. 79 Hz); 
8. 27 (2H, doublet. J = 8. 30 Hz). 

18(2) 4-Nltrobenzyl (1R, 5S. 6S)-6-I(1R)-1-hydroxyethyiH'methyi-2-((2S, 

4S)-244K4-nltrobenzyioxycart>on 

^4»ytthio)-1-cart)apen"2«em-3-carboxyiate 

0. 37 ml of diphenyl phosphorochlorldate and 0. 3 1 ml of diisopropylethylamine were added dropwise, whilst 
ice-cooling, to a solution of 580 mg of4-nitrobenzyi (1R, 5R, 6S)^{(1R)-1-hydroxyethyl}-1-methyl-2-oxo-1-car- 
bapenam-3-carboxylate in 10 ml of anhydrous acetonitrile, and the resulting mixture was stirred at the same 
temperature for 1 hour. At the end of this time, 0. 99 ml of diisopropylethylamine and a solution of 1. 43 g of 
(2S, 4S)-4-mercapto-2-{M^^benzyloxycarbonylmethyl)-1 -homoplperazinyicart>onyll-1-(4-nitrobenzy1oxy- 
carbonyQpyrrolidine bis(trifluoromethanesulphonate) [prepared as described in step (1) above] in 10 ml of 
anhydrous acetonitrile were added to the mixture, whilst Ice-cooling, and the mixture was then stirred overnight 
at the same temperature. The reaction mixture was then treated and purified by procedures similar to those 
described in Example 13(2). to gtve.1. 1 g of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1771, 1709, 1647, 1606, 1521, 1346* 
Nuclear Magnetic Resonance Spectrum (CDC* 3 , 270 MHz), 6 ppm: 

1. 28 (3H, doublet, J = 6. 84 Hz); 

1. 37 (3H, doublet, J = 6. 35 Hz ); 
1.74-2. 04 (4H, multiplet); 

2. 62 - 2. 96 (6H, multiplet); 

3. 27 (1H. doublet of doublets. J = 6. 83 & 2. 44 Hz); 
3. 34 - 3. 79 (9H. multiplet); 

4. 1 9 - 4. 27 (2H, multiplet); 
4, 66-4. 77(1H # multiplet); 
5. 06 * 5. 52 (6H, multiplet); 
7. 45 - 7. 52 (4H f multiplet); 
7. 65 (2H, doublet, J = 8. 79 Hz); 
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8. 23 (6H, doublet, J = 8. 79Hz). 

18(3) (1R. 5S. 6S>-2-K2S, 
4S)-2-(4-Carboxymethyt-4-metr^1-hor^ 
thyM -carbapen-2-em-3-carboxylate 

0. 17 rrd of methyl fluorosulphonata was added, whilst ice-cooling, to a solution of 1. 05 g of 4-nitrobenzyl 
(1R, 5S, 6S)-6-[(1 R)-1 -hydroxyethyt}-1 -methyt-2-{(2S, 4S)-2W4-nltroberizy!Gxycarto 
piperazinylcartK>n^1-(4-nrtrobenz^ [prep- 
ared as described in step (2) above] in 20 ml of anhydrous methylene chloride, and the resulting mixture was 
stirred at room temperature for 1 hour. At the end of this time, the solvent was removed by distillation under 
reduced pressure, and the resulting residue was hydrogenated, treated and tyophDtzed using simBar proced- 
ures to those described In Example 17(3). The resulting crude product was then subjected to column 
chromatography using a Lobar column (RP-8, size B) and water containing 1% by volume methanol as the 
eluent The chromatography separated the crude product into two Isomers of the title compound, isomers A 
and B. Each fraction was concentrated by evaporation under reduced pressure and lyophQized to give 32. 4 
mg of isomer A and 43. 0 mg of isomer B, respectively, both as colourless powders. 

Isomer A: 

High performance liquid chromatography: 
column: YMC ODS AQ-312, 

solvent 0. 2% aqueous ammonium acetate/methanol (90 : 10 by volume), 

flow rate: 1. 0 ml/min, 

retention time: 7. 76 min. 
Infrared Absorption Spectrum (KBr), car 1 : 

1761, 1660, 1455, 1382, 1258. 
Ultraviolet Absorption Spectrum (H 2 0), U nm: 

296. 7. 

Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz), 8 ppm: 
1. 22 (3H. doublet, J = 7. 32 Hz); 

1. 29 (3H, doublet, J = 6. 35 Hz): 
1.97-2.08 (1H. multiplet); 

2. 20 - 2. 45 (2H, multiplet); 

3. 02-3. 14 (1H, multiplet): 

3. 30 - 3. 58 (3H, multiplet); 

3. 32, 3. 36 (together 3H, two singlets); 
3. 61 -4. 09 (12H, multiplet); 

4. 21 - 4. 30 (2H, multiplet); 
4. 70 - 4. 89 (1H. multiplet). 

isomer B: 

High performance liquid chromatography: 
column: YMC ODS AQ-312, 

solvent 0. 2% aqueous ammonium acetate/methanol (90 : 10 by volume), 

flow rate: 1. 0 ml/min, 

retention time: 8. 18 min. 
Infrared Absorption Spectrum (KBr), Vamx cmr 1 : 

1752, 1634, 1464. 1386, 1290. 
Ultraviolet Absorption Spectrum (HjO), nm: 

296. a 

Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz), 6 ppm: 

1. 22 (3H, doublet, J * 7. 33 Hz); 
1. 30 (3H. doublet. J « 6. 34 Hz); 
1.96-2.06 (1H. multiplet); 

2. 27 - 2. 50 (2H. multiplet); 
2.96-3. 12(1 H. multiplet); 
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3. 28 - 3. 56 (3H, multiplet); 

3. 33 v 3. 35 (together 3H, two singlets); 
3. 59 - 4. 14 (12H, multiplet); 

4. 21 -4. 30 <2H. multiplet); 
4. 72 - 4. 89 (1H, multiplet). 

EXAMPLE 19 

(1R. 5S. 6S>^(1R)-1-Hydmxyethyl}>1-methyl-2-{(2S, 

4S)-2-(3.4,4-trimethyM-plperazinlocarbonyQpy^ 

hydrochloride 

19(1) (2S. 4S)-2-(3.4-DlmethyM-piperazlnytca^ _ 
bis(trifluoromethanesulphonate) 

9. 4 rrt of trffluoroacetlc acid and 0. 31 ml of trifiuoromethanesulphonic acid were added, whilst Ice-cooling, 
to a solution of 940 mg of (2S, 4S)-2-(3,4-dfmemyM-plperazinylcarbonyt)^ 

robenzytoxycarbonyQpyrrdidine (prepared as described in Preparation 1 3) in 1 . 88 ml of anisole, and the result- 
ing mixture was stirred at room temperature for 1 hour. At the end of this time, the reaction mixture was treated 
in a simPar manner to that described in Example 13(1), to give 1. 2 g of the tide compound as a powder. 

Infrared Absorption Spectrum (liquid film), crrr 1 : 
1705, 1665. 1608, 1524. 1462, 1440, 1407, 1348. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 5 ppm: 

1. 25, 1. 28 (together 3H, two doublets, J - 6. 59 Hz); 
1. 62-1. 73 (1H, multiplet); 

2. 68 - 3. 70 (9H. multiplet); 

2. 84 (3H, singlet); 

3. 90 - 4. 44 (4H, multiplet); 

4. 70-5. 27 (2H, multiplet); 

7. 50, 7. 63 (together 2H f two doublets, J = 8. 79 Hz); 

8. 24 (2H. doublet, J = 8. 79 Hz). 

19(2) 4-Nitrobenzyl (1R t 5S, 6S)-2-[(2S, 
4S)-2-(3.4-dlmethyM-plperazinylcarbonylH 
thylH -methyl-1 -carbapen-2-em-3-carboxytate 

0. 30 ml of di phenyl phosphorochloridate and 0. 25 ml of diisopropylethylamine were added, whilst ice-cool- 
ing, to a solution of 470 mg of 4-nitrobenzyl (1R, 5R, 6S)-6-[(1R).1-hydroxyethyt)-1-methyl-2-oxo-1-car- 
bapenam-3-carboxytate in 9 ml of anhydrous acetonitriie, and the resulting mbcture was stirred at the same 
temperature for 1 hour. At the end of this time, 0. 88 ml of diisopropyiethylamlne and a solution of 970 mg of 
(2S, 4§)-2-<3 t 4-dimemyM-piperazinyicarto bis(trif- 
luoromethanesuiphonate) [prepared as described in step (1) above] in 8 ml of anhydrous acetonitriie were then 
added dropwise to the mbcture, and the resulting mbcture was stirred overnight at the same temperature. Th 
reaction mixture was then treated and purified in a similar manner to that described in Example 13(2), to give 
620 mg of the title compound as a powder. 

Infrared Absorption Spectrum (KBr), cm* 1 : 

1773, 1711, 1652, 1606, 1521. 1440. 1404. 1345. 
Nuclear Magnetic Resonance Spectrum (CDC? * 270 MHz). 5 ppm: 

1. 08 (3H, doublet, J = 6. 35 Hz); 

1. 28 (3H, doublet, J = 6. 84 Hz); 

1. 37 (3H, doublet, J = 6. 35 Hz); 

1. 80 - 2. 18 (4H, multiplet); 

Z 30 (3H, singlet); 

2. 58 - 3. 10 (4H, multiplet); 

3. 27 (1 H, doublet of doublets, J = 6. 83 & 2. 44 Hz); 
3. 31 -3. 76 (5H. multiplet); 
4. 02 - 4. 35 (3H, multiplet); 
4. 68-4. 78(1 H, multiplet); 
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5. 21 - 5. 52 (4H, multiplet); 

7. 42, 7. 52 (together 2H f two doublets, J = 8. 79 Hz); 

7. 65 (2H, doublet J = 8. 79 Hz); 

8. 19, 8. 23 (together 4H, two doublets, J = 8. 79 Hz). 

19(3) (1R, 5S, 6S)-64(1R)-1-Hydroxyethyn"1-methyl-2-[(2S, 

4S)-2-(3,4,4^rimethyM-plperaynipca^ 

hydrochloride 

0. 13 ml of methyl fluorosulphonate was added, whilst ice-cooling, to a solution of 620 mg of 4-nttpQ benzyl 
(1R, 5S, 6S)-2-{(2S, 4^2^3,4niimethyM^ipef^ny1carbGnyl)-1-(4^ 

thio]^(1^1-hydroxyethyl}-1^ethyl-1-carbapen-2*^nv3Ksrboxylate [prepared as described In step (2) 
above] In 12 ml of anhydrous methylene chloride, and the resulting mixture was stirred at room temperature 
for 1 hour. At the end of this time, the solvent was removed by distillation under reduced pressure, and th 
resulting residue was hydrogenated, treated and lyophilized In a similar manner to that described in Example 
13(3). The resulting crude product was subjected to column chromatography using 300 ml of an ion-exchange 
resin (Dowex 1-x4, 50 mesh, Cf- type) and the column was eluted with water. Those fractions containing th 
title compound were collected and lyophilized. The powder thus obtained was injected into a Lobar column (RP- 
8, size B) and the column was eluted with water containing 2% by volume methanol. The combined fractions 
containing the title compound were concentrated by evaporation under reduced pressure and lyophBized to 
afford 150 mg of the title compound as a colourless powder. 

Infrared Absorption Spectrum (H 2 0), cnr 1 : 
1757, 1660, 1597, 1465, 1382, 1267. 

Ultraviolet Absorption Spectrum (H 2 0), nm; 

295. 9. 

Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz), 5 ppm: 

1. 03 (3H. doublet. J = 7. 33 Hz); 

1.10 (3H, doublet. J - 6. 35 Hz); 

1. 25, 1. 27 (together 3H. two doublets, J = 6. 35 Hz); 
1.80-1. 85 (1H, multiplet); 
2. 85 - 2. 97 (1H, multiplet); 
2. 94 (3H, singlet); 

3. 06, 3. 07 (together 3H, two singlets); 

3. 11 - 3. 85 (10H. multiplet); 
3. 72 - 3. 92 (1H. multiplet); 

4. 04 - 4. 46 (3H, multiplet); 
4. 63 - 4. 75 (1H. multiplet). 

EXAMPLE 20 

(1R.5S, 6SKH(2S, 

4S)-244-(2-Hydroxyethyl)-4-methyM^ 

-1 -carbapetv2-em-3-cartoQxy1ate hydrochloride 

407 mg of (1R, 5S, 6S>2-((2S, 4S>2^2-hydroxyethytH^e^ 
thfo}^(1R)-1^ydroxy^thyt]-1-methy^ fluorosulphonate [prepared as des- 

cribed in Example 12(3)] were subjected to column chromatography through 200 ml of an ion-exchange resfn 
(Dowex 1-x4, 50-100 mesh, Cf- type) using water as the eluenL Those fractions containing the title compound 
were collected and tyophQized. The powder thus obtained was injected into a Lobar column (RP-8, size B) and 
the column was eluted with water containing 2% by volume of methanol. The combined fractions containing 
the title compound were concentrated by evaporation under reduced pressure and iyophHized to afford 108mg 
of the title compound as a colourless powder. 

Infrared Absorption Spectrum (KBr), v „« cnrr 1 : 
1762, 1661, 1608, 1554, 1464, 1378, 1263. 

Ultraviolet Absorption Spectrum (H 2 0), nm ( e ): 

296. 5 (8. 226). 

Nuclear Magnetic Resonance Spectrum (D 2 O t 270 MHz), 6 ppm: 
1. 02 (3H, doublet, J « 7. 32 Hz); 
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1. 07 (3H, doublet. J = 6. 34 Hz); 

1.77-1.90(1H, multiplet); 

2. 82 - 2. 94 (1H. multiplet); 

3. 12, 3. 13 (together 3H, two singlets); 

3. 12-3. 24(1 H, multiplet); 

3. 27 - 3. 37 (2H f multiplet); 

3. 38 - 4. 00 (14H, multiplet); 

4.01-4.11 (2H, multiplet); 

4. 66 - 4. 76 (1H, multiplet). 

EXAMPLE 21 ~ " 

(1R.5S, 6S)-2-{(2S, 
4S)-M(1RH-Hydroxyethyl}-2-(4-(^^ 
M-carbapen-2-em-3-carboxytate hydrochloride 

21(1) (2S, 

4S)-4-Merropto-2-{4^-(4^itrobenz^ 
yl)pynolldlne bis(trffluoromethanesulphonatB) 

135. 75 mg of trifluoroacetic acid and 6. 18 ml of trffluoromethanesulphonic acid were added, whilst ice- 
cooling, to a solution of 26. 00 g of(2S, 4S)-4K4-methoxybenzylthto 

thyl>1-plperazinylcarbonyl}-1K4^ftrobenzyloxycartw (prepared as described In Preparation 14) 

in 38. 3 ml of anisole, and the resulting mixture was stinred at the same temperature for 1 . 5 hours. At the end 
of this time, the solvent was removed by distillation under reduced pressure, and the resulting residue was 
washed with diethyl ether by repeated decantation and dried under reduced pressure to give 32. 5 g of the title 
compound as a powder. 

21(2) 4-Nitrobenzyl (1R, 5S. eS^dW-l-hydroxyethylUHfneth^^S, 

4S)-2-(4-(2-4'-nitrobenzyloxycarponyloxyethyl^^ 

-ylthioH -carbapen-2-em-3-carboxylate 

6. 38 ml of dlphenyl phosphorochloridate and 5. 37 ml of diisopropyi ethyl amine were added dropwise, whilst 
ice-cooling, to a solution of 10. 63 g of 4-nltrobenzyl (1R, 5R, 6S)-6-((1R)-1-hydroxyethyn-1^ethyl-2-oxo-1- 
carbapenam-3-carboxylate in 75 ml of anhydrous acetonftrile, and the resulting mixture was stirred at the same 
temperature for 1 hour. At the end of this time, 16. 26 ml of diisopropytethytamtne and a solution of 32. 5 g of 
(2S, 4§)-4Hrnercapto-4-(4-methox 

bonyl)-1-I4-nitrobenzyloxycarbonyO-pyrrolidine bis(trifJuoromethanesulphonate) [prepared as described in 
step (1) above] in 65 ml of anhydrous acetonltrfle were added dropwise to the mixture, whilst Ice-cooling, and 
the resulting mixture was then stirred at the same temperature for 1 hour, after which it was allowed to stand 
at room temperature overnight At the end of this time, the solvent was removed by distillation under reduced 
pressure, and the resulting residue was mixed with an aqueous solution of sodium hydrogencarbonate and ext- 
racted with ethyl acetate. The extract was dried over anhydrous magnesium sulphate and freed from the solvent 
by distillation. The residue was subjected to column chromatography through silica gel. Those fractions eluted 
with an 1 8 : 1 by volume mixture of ethyl acetate and methanol were collected and concentrated by evaporation 
under reduced pressure, to give 19. 75 g of the title compound as a powder. 

Infrared Absorption Spectrum (KBr), v ^ cnr 1 : 
1769, 1751, 1710, 1653, 1607, 1521, 1443. 1347. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 
1. 27. 1. 28 (together 3H. two doublets, J = 7. 33 Hz); 

1. 37 (3H, doublet. J « 6. 35 Hz); 
1.78-1.98 (1H, multiplet); 

2. 31 - 2. 80 (7H, multiplet); 

3. 27 (1H, doublet of d ublets, J ■ 6. 83 & 2. 44 Hz); 

3. 31 - 3. 76 (8H, multiplet); 

4. 01 - 4. 33 (5H, multiplet); 

4. 68, 4. 74 (together 1H f two triplets, J* 7. 81 Hz); 

5. 04 - 5. 52 (6H. multiplet); 
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7. 44. 7. 51 (together 2H, two doublets, J = 8. 79 Hz); 
7. 55, 7. 65 (together 4H, two doublets, J = 8. 79 Hz); 
8. 17 - 8. 25 (6H, multiplet). 



21(3) (1R. 5S. 6S)-6-[(1RH-hydroxyethyl1-2-{(2S, 
4S)-2-[4-(2-HydroxyethylH-methyM-piper^ 
10 rboxylate hydrochloride 

0. 584 g of methyl fluorosuJphonate was added. whOst ice-cooling, to a solution of 4. 47 g of 4-nitrobertzyl 
(1 R, 5S, 6S)-6-{(1 R)-1 -hydroxyethyl]-1 -methyl-2-{(2S, 4S)-2-{4-(2^'-nitrobertzyloxy<»rbon^ 
pipei^nylcarbonyfH-(4-nitrobenzyloxyc»^ [prep- 

15 ared as described in step (2) above] In 45 ml of anhydrous acetonitrile. and the resulting mixture was stirred 
at the same temperature for 1 hour. At the end of this time, the solvent was removed by distillation under reduced 
pressure, and the resulting residue was hydrogenated, treated and lyophilized according to the procedure des- 
cribed in Example 13(3). The resulting crude product was then subjected to column chromatography through 
200 ml of an ion-exchange resin (Dowex 1-x4, 100-200 mesh. Cf- type), using water as the eluent The conv 

20 bined fractions containing the title compound were lyophSized, and the powder thus obtained was purified by 
reverse phase column chromatography through silica gel (a product of Merck & Co., Inc.. UChroprep Rp-8, 30 
ml), using water containing 1 . 5% by volume of methanol as the eluent Those fractions containing the title com- 
pound were collected, concentrated by evaporation under reduced pressure and lyophilized, to give 1. 73 g of 
the title compound as a colourless powder. The spectral data (infra-red absorption, ultra-violet absorption and 

25 nuclear magnetic resonance spectra) of the product were identical to those of the compound prepared as des- 
cribed in Example 20. 

EXAMPLE 22 

30 (1R. 5S. 6S)-2-{(2S. 

4S)-6-K1R)-1-Hydroxyethyfr2-[4-(2^ 

M -cart) apen-2-em-3-carboxyl ate hydrochloride 

22(1) (1R. 5S, 6S)-2-{(2S. 
35 4S)-6-[(1RH-Hydroxyethyn-2^4-(2-hydroxye 
M -carta pen-2-em-3-carboxyl ate hydrochloride 

1. 95 ml of methyl fluorosulphonate were added dropwise, whOst ice-cooling, to a solution of 21. 8 g of 4* 
nitrobenzyl (1R, 5S, 6S>6-{(1 R)-1 -hydroxyethyt]-1 -methyl-2-{{2S, 4S)-2-{4-(2-4'-nitrobenzyloxycar- 

40 bony!oxyethy1H-piperazinylcarbon^1-(4-n^ 

boxy late [prepared as described in Example 21 (2)], dissolved in 200 ml of anhydrous acetonitrile, and the result- 
ing mixture was stirred under the same conditions for 1 hour, after which it was concentrated by evaporation 
under reduced pressure. The powdery residue (24. 9 g) thus obtained was dissolved in 400 ml of a 1 : 1 by 
volume mixture of tetrahydrofuran and water and hydrogenated in the presence of 20 g of a 1 0% w/w palladium- 
45 on-carbon catalyst for 2. 5 hours on a water bath which was kept at about 20°C. At the end of this time, the 
catalyst was removed by filtration and the filtrate was extracted three times, each time with 300 ml of diethyl 
ether. The aqueous layer was then concentrated by evaporation under reduced pressure to a volume of about 
100 ml and was then subjected to column chromatography through 500 ml of an ion exchange resin (D wex 
1 - x4. 50-1 00 mesh. Cl- type) using water as an eluent The eluent containing the desired compound was con- 
so centrated by evaporation under reduced pressure to a volume of about 1 1 0 ml and the concentrate was purified 
by chromatography through a reverse phase column (UChrocrep RP-8; 200 ml) using water as the eluent 
Those fractions containing the desired compound were collected and concentrated by evaporation under 
reduced pressure to a volume of about 20 ml. The concentrate was diluted with 50 ml of methanol, and the 
resulting solution was added dropwise to 800 ml of acetone to afford a powdery precipitate, which was collected 
55 by filtration, washed with 100 ml of acetone and dried to afford 8. 2 g of the desired compound as a colourless 
powder. The spectral data (Infra-red absorption, ultra-violet absorption and nuclear magnetic resonance 
spectra) of the product were identical to thos of the compound prepared as described in Example 20. 
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EXAMPLE 23 

The following steps 23(1) and 23(2) provide an alternative method of preparing the compound which is also 
prepared in Example 21(2) and which is used as a starting material in steps 22(1) and in 21(3). The product 
may be used In those steps to prepare a compound of the present Invention. 

23(1) (2S, 

4S)-4-Mercapto-2-{4-|>(p-nitrobenzytoxyrai^ 
yQpynolidine 

600 ml of a methanolic solution containing 10% w/v hydrogen chloride were added to~a solution of 140 g 
of (2S, 4S)-4^cetylth!o-2^4^^4-nitrobenzylc^ 

zytoxycarbonyl)pyrrolidine dissolved in 150 ml of dioxane, and the resulting mixture was stirred at 50°C for 1 
hour. At the end of this time, the mixture was concentrated by evaporation under reduced pressure, and th 
concentrate was dfluted with 1500 ml of ethyl acetate, after which ft was neutralized with a saturated aqueous 
solution of sodium hydrogencarbonate. The mixture was then washed with 300 ml of water and with 300 ml of 
an aqueous solution of sodium chloride, after which it was freed from the solvent by distillation under reduced 
pressure. The residue thus obtained was subjected to column chromatography through silica gel using mixtures 
of ethyl acetate and methanol ranging from 30 : 1 to 20 : 1 by volume as the eluent Those fractions containing 
the desired compound were collected and concentrated to afford 96. 44 g of the title compound as a colourless 
powder. 

Infrared Absorption Spectrum (KBr), v ^ cnr 1 : 

2530, 1742, 1710, 1653, 1521, 1347. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 

1.83 (1H, multiplet); 

2. 44 - 2. 79 (7H, multiplet); 

3. 22 - 3. 64 (6H, multiplet); 

4. 06 - 4. 17 (1 H. multiplet); 
4. 26 - 4. 36 (2H, multiplet); 

4. 60-4. 71 (1H, multiplet); 

5. 02 - 5. 33 (4H. multiplet); 
7. 42 - 7. 58 (4H, multiplet); 
8.17-8. 26 (4H, multiplet). 

23(2) 4-Nitrobenzyl (1R t 5S. 6S)-6-[(1R)-1-hydroxyethyl>-2-{gS. 

4SH4-(2^'-nitrobenzy1oxycartx)nylo 

yithlo)-lH^ethyl-1-caitapen-2-em-3-carboxylate 

675 til of diphenyi chlorophosphate and 567 \i( of diisopropylethylamine were added dropwise, whilst ice- 
cooling, to a solution of 1. 12 g of 4-nitrobenzyl (1R, 5R, 6S)h^(1R)-1-hydroxyethyll-lHTiethyl-2-<wo-1-car- 
bapenam-3-carboxytate dissolved in 10 ml of anhydrous acetonitrtle, and the resulting mixture was stirred at 
the same temperature for 1 hour. At the end of this time, a solution of 2. 30 g of (2S, 4S)-4-mercapto-2-{4-{2- 
(2^itrobenzylQxycarbonyl)QxyethyfH^ [prepared 
as described in step (2) above] in 5. ml of anhydrous acetonitrfle was added dropwise to the mixture, and the 
resulting mixture was stirred at the same temperature for 1 hour. The reaction mixture was then treated and 
purified according to the same procedure as described in Example 21(2), to give 2. 70 g of the title compound 
as a powder. The Infra-red absorption spectrum and nuclear magnetic resonance spectrum of the product were 
identical with those of the compound obtained as described In Example 21(2). 

The following steps 23(3) and 23(4) provide two further alternative methods of preparing the compound 
which is also prepared in Example 21(2) and which Is used as a starting material in Example 21(3) and in 
Example 22(1). The product may be used In those Examples to prepare a compound of the present invention. 

23(3) 4-Nitrobenzyl (1R, 5S, 6S>^{(1R)-1-hydroxyethyl}-2-{(2S, 

4SH4-(2-p'-nitrobenzylaxycartK>ny1oxyeth^ 

lthio)-1-methyi-1-carbapen-2-em-3-carboxyiate 

A solution of 28. 3 mg of 4-nftrobenzyl (1R, 5S, 6S)^(1RM4tydroxyethy«HH^ 
carbapen-2-em-3-carboxylate and 7. 8 mg of diisopropylethylamine in 1 ml of anhydrous acetonitrfle was added 
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dropwise to a solution of 112 mg of (2S, 4§HM2^4^itrober^oxycart>onyO^ 

4Hrnenapto-1K4-^itrobenzyloxycarbonyt)-pynolidine In 0. 5 ml of anhydrous acetonitrfle, whilst ice-cooling v and 
5 the resulting mixture was stirred at the same temperature for 1 hour. At the end of this time, the solvent was 
removed by distillation under reduced pressure, and the resulting residue was purified by column 
chromatography through silica gel using a 20 : 1 by volume mixture of ethyl acetate and methanol as the eluent, 
to afford 14 mg of the title compound as a powder. The Infra-red absorption spectrum and nuclear magnetic 
resonance spectrum of the product were identical with those of the compound obtained as described In Exampl 
10 21(2). 

23(4) 4-Nitrobenzyl (1R, 5S. 6S)-6-K1R)-1-hydroxyethyl1-2-{(2S, 

4S)-[4-(2-p'-nitrotrenzytoxycarbonyloxyethy^ 

ylthioH ^ethyl-1-carbapen-2-env3-carboxylate 

15 

A solution of 50 mg of 4-nitrobenzyl (1R, 5S, 6S)-2^4^lorophenyl)sulphinyl^(1^1-hydrexyethyl]-1- 
methyM-carbapen-2-env3-carboxylate and 1 9. 4 mg of diisopropylethylamine in 0. 5 ml of anhydrous acetonit- 
rile was added dropwise to a solution of 93 mg of (2S, 4SH^2-(4«nftrobenzyloxycarbonyl)oxye^ 
razinylcart>onyl}-4-mercapto-1-(4-n^ in 0. 5 ml of anhydrous acetonitrfle, whilst 

20 ice-cooling, and the resulting mixture was stirred at the same temperature for 1 hour. At the end of this time, 
the solvent was removed by distillation under reduced pressure, and the resulting residue was treated by the 
same procedure as described in the step (1), above, to afford 13 mg of the title compound as a powder. The 
spectral data (infra-red absorption spectrum and nuclear magnetic resonance spectrum) of the product were 
completely identical with those of the compound obtained as described in Example 21(2). 
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EXAMPLE 24 



(1R.5S. 6S)-2-{(2S. 
4S)-2-[4-(2-Hydroxyethyl)-4-iTOthyM^ 
30 -1-carbapen-2-em-3-carboxylate hydrochloride 

A solution of 1. 0 g of 4-nitrobenzyl (1R, 5S, 6S)-2-{(2S, 4S)-2-(4-methyl-1-piperazinylcarbo 
robenzyloxycarbonyl)pyrrolidin-4-ylthio]^ 

dissolved in 5 ml of 2-iodoethanol was stirred at 50°C for 1 0 hours. At the end of this time, the reaction mixture 
35 was poured into 50 ml of diethyl ether, and the precipitate which deposited was collected by filtration and then 
washed three times, each time with 50 ml of diethyl ether, after which it was dried. The powder (1. 28 g) thus 
obtained was dissolved in 50 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water and was hydrogenated 
at room temperature for 2 hours in the presence of 1 . 0 g of a 10% w/w palladium-on-carbon catalyst At the 
end of this time, the catalyst was removed by filtration. The reaction mixture was then extracted twice, each 
40 time with 50 ml of diethyl ether, and the aqueous layer was concentrated by evaporation under reduced pressure 
to a volume of 1 0 ml. The concentrate was then subjected to column chromatography through 1 00 ml of an ion 
exchange resin (Dowex 1 - x4, 50-1 00 mesh, Cl- type). Those fractions containing the desired compound were 
collected and concentrated by evaporation under reduced pressure, to a volume of 20 ml. The concentrate was 
purified by chromatography through a reverse phase column (UChroprep RP-8), using 2% by volume aqueous 
45 methanol as the eluent Those fractions containing the desired compound were collected and concentrated by 
evaporation under reduced pressure, to afford 290 mg of the desired compound as a colourless powder. The 
infra-red and ultra-violet absorption spectra and nuclear magnetic resonance spectrum of the product were 
completely identical with those of the compound obtained as described In Example 20. 

so EXAMPLE 25 

(1R.5S,6S)-2-{(2S, 
4S)-24M2-Hydroxyethyt)-4-methyM^ 
-1-carbapen-2-em-3*carboxylate hydrochloride 



45 |il of methyl trifluoromethanesulphonate were added dropwise to a solution of 320 mg of (2S, 4S)-4- 
mercapto-2-(4-[2-(2^itrobenzyloxycarbonyl)oxyethyll-1 -piperazinylcarbonyt}-1 -(^-nitrobenzyloxycarbonyl)-p 
yrrolldine [prepared as described in Exampl 21(2)] dissolved in 3.2 ml of anhydrous acetonltrile, whilst ice- 
cooling, and the resulting mixture was stirred for 1 hour. At the end of this time, the soiv nt was removed by 
distaiation under reduced pressure, and the residu thus obtained was hydrog nated using the same procedure 
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as described in Example 21(3). The crude product thus btained was then purift d by column chromatography 
using an Ion exchange resin and reverse phase chromatography to afford 89 mg of the titi compound as a 
colourless powder. The spectral data (infra-red and ultra-violet absorption spectra and nuclear magnetic reso- 
nance spectrum) of the product were identical with those of the compound obtained as described In in Exampl 
20. 

EXAMPLE 26 
(1R.SS, 6SV2-K2S, 

4SV244^2-Hydroxyethyl)-4-methyM-pipe 
-1-carbapen-2*en>3-canboxylate hydrochloride 

31 \xt of dimethyl sulphate were added dropwise to a solution of 289 mg of (2S, 4S)-4-mercapto-2-{4-{2- 
(p^itrobenzyloxycatonyi)oxyett [prepared 
as described In Example 21(2)] in 3 ml of acetone, whilst ice-cooling, and the resulting mixture was stirred at 
room temperature for 1 hour. At the end of this time, the solvent was removed by distillation under reduced 
pressure, and the resulting residue was hydrogenated using the same procedure as described In Example 
21(3). The crude product thus obtained was purified by column chromatography using an ion exchange resin 
and reverse phase chromatography to afford 45 mg of the title compound as a colourless powder. 

The spectral data (infra-red and ultra-violet absorption spectra and nuclear magnetic resonance spectrum) 
of the product were identical with those of the compound obtained as described in Example 20. 

EXAMPLE 27 

(1R. SS. 6S)-2-{(2S, 
4S)-2-[4-(2-Hydroxyethyl)-4-m^ 
-1-carbapen-2-env3-carboxylate hydrochloride 

A mixture of 300 mg of (2S, 4S)-4-mercapto-2-{4-{2-(p r nitrober^^ 
bonyl^l-^nitrobenzyloxycarbonyOpyrroiidine [prepared as described in Example 21(2)] and 2 ml of methyl 
iodide was heated at 50°C in a sealed tube for 6 hours. 30 ml of diethyl ether were added to the reaction mixture, 
and the resulting precipitate was collected by filtration, washed three times, each time with 20 mi of diethyl ether, 
and then dried. The resulting precipitate was then hydrogenated using the same procedure as described in 
Example 21(3). The crude product thus obtained was purified by column chromatography using an ion 
exchange resin and reverse phase chromatography to afford 83 mg of the title compound as a colourless pow- 
der. The spectral data (infra-red and ultra-violet absorption spectra and nuclear magnetic resonance spectrum) 
of the product were identical with those of the compound obtained as described in Example 20. 

EXAMPLE 28 

(1R, SS, 6S)-2-{(2S. 

4S)-2-[4-(2-HydroxyethylH-methyl-1-piperaziniocarbonyi 
-1-carbapen*2-env3-cart)oxylate hemlsulphate 

115 mg of (1R, 5S, 6S)-2-{(2^ 4S)-2-[4-(2-hydroxyeth^ 
thfo}-6l(1R)-1-hydroxyethy^ hydrochloride (prepared, for example, 

as described in Example 20) were dissolved in 2 ml of water, and the solution was subjected to column 
chromatography through 10 ml of an ion exchange resin (Dowex 1 - x4, 50-100 mesh, SO*- type) using water 
as the eluent Those fractions containing the title compound were collected and concentrated by evaporation 
under reduced pressure. The concentrate was then lyophilized, to afford 103 mg of the title compound as a 
powder. 

Ultraviolet Absorption Spectrum (H 2 0), Xm« nm: 
296. 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1756, 1659. 1598, 1464, 1384. 
Nuclear Magnetic Resonance Spectrum (D 2 0. 270 MHz, internal standard: sodium trimethylsDyt- 
propionate-d4) 6 ppnrc 
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1. 21 (3H. doublet J = 7. 3 Hz); 

1. 29 (3H f doublet J ° 6. 3 Hz); 
5 1. 95 - 2. 05 (1H, multiplet); 

3. 01-3. 12(1H V multiple!); 

3. 32 and 3. 33 (together 3H. two singlets); 

3. 34 - 3. 59 (3H, multiplet); 

3. 59 - 4. 30 (16H, multiple!); 
10 4. 80 - 4. 90 (1 H. multiplet). 

EXAMPLE 29 

(5R, 6S)-2-fl2S, 
is 4S)-2-[4-(24Jydroxyewyl)-4-memyM-pipera^^ 
en-2-em-3-carboxylate hydrochloride 

29(1) 4-Nltrobenzyl (5R t 6S)-2-{(2S, 
4SH4-(2-p'-nitrobenzy1oxycart>onytoxyethylH^ 
20 lthio}-6-[(1 RM-hydroxyethyn-1-carbapen-2-em*3^arboxylate 

115 \xt of diisopropyfethylamine and 116 \it of diphenyl chlorophosphate were simultaneously added to a 
solution of 218 mg of 4-nitrobenzyt (5R, 6S)^4(1R)-1-hydroxyethylJ-2^xo-1-caitapenam-3-carboxyIate in 3 
ml of anhydrous acetonitrile, whilst ice-coding, and the resulting mixture was stirred at the same temperature 
25 for 1 hour. A solution of 1 09 \ii of diisopropylethylamine and 387 mg of (2S, 4S>4-mercapto-2-(4-[2-(B-nitroben- 
zyloxycarbonyl)oxyethylH-piperazinylcar^ [prepared as des- 

cribed in Example 23(1)] in anhydrous acetonitrile (2 ml) was then added, whilst ice-cooling, to the reaction 
mixture, and the resulting mixture was stirred at the same temperature for 4 hours, after which it was allowed 
to stand overnight whilst ice-cooling. At the end of this time, the solvent was removed by distillation under 
30 reduced pressure, and the resulting residue was mixed with an aqueous solution of sodium chloride and ext- 
racted with ethyl acetate. The extract was washed with an aqueous solution of sodium hydrogencarbonate and 
with an aqueous solution of sodium chloride, in that order, and dried over anhydrous magnesium sulphate. The 
solvent was again removed by distillation under reduced pressure, and the resulting residue was subjected to 
column chromatography through silica gel using a 50 : 4 by volume mixture of methylene chloride and methanol 
as as the eluent The combined fractions containing the title compound were then concentrated by evaporation 
under reduced pressure, to afford 493 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 

1777, 1749, 1708, 1653, 1607, 1521, 14g8, 1404. 
Nuclear Magnetic Resonance Spectrum (CDC? 3l 270 MHz), 5 ppm: 
40 1 . 36 (3H, doublet J 3 6. 35 Hz); 

1. 83 - 2. 05 (2H, multiplet); 
2. 29 - 2. 95 (5H, multiplet); 
3. 06 - 3. 78 (8H. multiplet); 
4. 17 - 4. 52 (4H, multiplet); 
45 4. 63 - 4. 77 (1H, multiplet); 

5. 04 - 5. 51 (6H, multiplet); 

7. 44 and 7. 50 (together 2H, each doublet J = 8. 30 Hz); 
7. 55 (2H, doublet J = 8. 79 Hz); 
7. 64 (2H. doublet J = 8. 79 Hz); 
SO 8. 1 7 - 8. 25 (6H, multiplet). 

29(2) (SR. 6S)-2-{(2S, 
4SV2-[4-(2-HydroxyeOTyl)-4-meth^ 
en-2-em-3-carboxylate hydrochloride 

55 

49 jif of methyl fluorosulphonate were added to a solution of 493 mg of 4-nitrobenzyt (5R, 6S)-2-{(2S, 4S)- 
[4-(2-£-nitobenzytoxycartenyl^ 

to}^H(1^14iydroxyethylhlK»roapen-2-em-3K»rboxy1ate [prepared as described in step (1) above] in 5 ml 
of anhydrous acetonitrile, whilst Ice-cooling, after which the mixture was s timed at the same temperature for . 
30 minutes. At the end of this time, the solvent was removed by distillation under reduced pressure, and the 
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resulting residue was dissolved in a mixture of 15 ml of tetrahydrofuran and 15 ml of water and hydrogenated 
at room temperature in the presence f 500 mg of a 1 0% w/w patladium-on-carbon catalyst for 75 minutes. At 
the end of this time, the catalyst was remov d by filtration. The titrate was washed with diethyl ether, and th 
aqueous layer was concentrated by evaporation under reduced pressure. The concentrate was subjected to 
column chromatography through 50 ml of an ion exchange resin (Dowex 1 - x4, 50-100 mesh, Cf- type) using 
water as the eluent Those fractions containing the title compound were collected and tyophilized. The resulting 
powder was then subjected to column chromatography through a Lobar column (RP-8, size B) using water as 
the eluent Those fractions containing the title compound were collected and lyophilized to afford 112 mg of 
the title compound as a colourless powder. 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1764, 1660, 1593. 1467, 1378, 1259. 

Ultraviolet Absorption Spectrum (H 2 0), ^ nm: 
297. 

Nuclear Magnetic Resonance Spectrum (D 2 O t 270 MHz, internal standard: sodium trimethyteilyt- 
propionate-d4) 5 ppm: 

1. 29 (3H, doublet, J = 6. 34 Hz); 
1.98-2. 11 (1H, multiplet); 

2. 95 - 3. 14 (1H, multiplet); 
3.15-3. 27 (2H. multiplet); 

3. 32 (3H, singlet); 

3. 40 - 3. 55 (2H. multiplet); 
3. 56 - 3. 80 (6H, multiplet); 

3. 81 - 4. 30 (10H, multiplet); 

4. 81 - 4. 93 (1H, multiplet). 

EXAMPLE 30 

(1R, 5S, 6S)-2-{(2S. 
4S)-2-(4 t 4-DimefoyM-hotTOpiperaz^ 
en-2-em-3-carboxylate hemisulphate 

26 mg of (1R, 5S, 6S)-2-[(2S, 4S)-2-(4.4^imemyl-1-homopiperaziniocarbonv^^^ 
1-hydroxyemyl^1-memyl-1*carfoapen-2-ern-3-cart>oxylate hydrochloride [prepared as described in Example 
7(3)] were subjected to column chromatography through 25 ml of an ion exchange resin (Dowex 1 - x4, 50-100 
mesh, SO*- type) using water as the eluent Those fractions containing the title compound were collected and 
concentrated by evaporation under reduced pressure. The residue was then subjected to column 
chromatography through a Lobar column (a product of Merck & Co., Inc., UChroprep RP-8, size B) using 5% 
by volume aqueous methanol. Those fractions containing the title compound were collected and lyophilized to 
afford 14 mg of the title compound as a powder. 

Nuclear Magnetic Resonance Spectrum (D 2 O f 270 MHz), 5 ppm: 
1. 02 (3H, doublet, J = 7. 32 Hz); 
1.10 (3H, doublet, J = 6. 35 Hz); 

1. 70- 1.89(1 H, multiplet); 
2. 13 (2H, broad singlet); 

2. 73-2.95 (1H, multiplet); 

3. 02 and 3. 03 (together 6H, two singlets); 

3. 04 - 3. 32 (3H, multiplet); 

3. 41 - 3. 89 (10H, multiplet); 

4. 02 - 4. 08 (2H, multiplet); 
4. 62-4. 68 (1H. multiplet). 
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EXAMPLE 31 



(1R.5S, 6S)-2-[(2S. 

4S)-2^4,4-DImethyl*14iomopiperaziniocarfaonyt) pyrrolidine 
en-2-em-3-carboxylate hydrochloride. 

25 mg of (1R, 5S. 6S)-2-{(2S f 4S)-2-(4,4^imethyM-homopiperaziniocarbon^ 
1.hydroxyeth^l-1-methyi-1-carbapen-2-€m-3-carbo)^late hydrochloride [prepared as described in Example 
7(3)] were subjected to column chromatography through 25 ml of an ion exchange resin (Dowex 1 - x4, 50-1 00 
mesh, Cf- type) using water as the eluent Those fractions containing the title compound were worked-up, puri- 
fied and lyophilized in a similar manner to that described in Example 30, to afford 13 mg of the title compound 
as a powder. 

Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz), 5 ppm: 

1. 02 (3H, doublet J = 7. 3 Hz); 

1.10 (3H, doublet. J = 6. 3 Hz); 
1.72-1.80 (1H, multiplet); 

2. 15 (2H, broad singlet); 

2. 75-2.94(1H, multiplet); 

3. 02 and 3. 03 (together 6H, two singlets); 

3. 11 -3. 25 (1H, multiplet); 

3. 26 - 3. 34 (2H, multiplet); 
3. 41 - 3. 92 (1 OH, multiplet); 
4.02-4. 11 (2H, multiplet); 

4. 63-4. 69 (1H, multiplet). 

EXAMPLE 32 
(1R,5S, 6S)-2-{(2S, 

4S)-2-[4-(2-Hydroxyethy1)emethyM-hon 

ethyl-1 -carbapen-2-em-3-carboxylate hydrochloride 

32(1) (2S, 

4S)^mereapto-2^4-[2H4^itrobenzyloxycarbonyl)^ 
arbonyl)pyrrolidine trifluoromethanesulphonate 

5 ml of trifluoroacetic acid and 1 1 0 jif of trifluoromethanesulphonic acid were added, whilst ice-cooling, to 
a solution of 900 mg of (2S> 4S)-^4-methoxybenzylthlo)-2^412-(4^ 

homopipei^nyl(ai1wny1)-1K4-nitrobenzyl^ dissolved in 1 ml of anisole, and the result- 

ing mixture was stirred under the same conditions for 1 hour. At the end of this time, the solvent was removed 
by distillation under reduced pressure, and the resulting residue was washed with diethyl ether, to afford 750 
mg of the title compound as a colourless powder. 

32(2) 4-Nitrobenzyl (1R t 5S, 6S)-2-{(2S, 
4S)-2^4-(2^'-nitrobenzyloxycafbonyloxyethy^ 

lidin-4-ylthio}-6-r(1RH4»ydroxyefo^ 

230 (if of diphenyl chlorophosphate and 200 of diisopropylethylamine were added dropwise, whilst ice- 
cooling, to a solution of 400 mg of 4-nitro benzyl (1R, 5R, 6S>6-{(1 R)-1 -hy droxyethyll-1 -methyi-2-oxo-1 -car- 
bapenam-3-carboxytate dissolved in 4 ml of anhydrous acetonltrfle. and the resulting mixture was stirred at the 
same temperature for 30 minutes. A solution of 710 mg of (2S, 4S)-4-mercapto-2-{4-[2-(4-nfto^ 
bony0oxyethyll-1-homopipeiminylcart)onyl}-1-(4-nitrobenz^ trifluoromethanesulpho- 
nate prepared as described in step (1) above] in 3 ml of acetonitrfle and 600 \il of diisopropylethylamine were 
then added dropwise, whilst ice-oooling, to th mixture, and th resulting mixture was then stirred at the same 
temperature for 4 hours, after which it was allowed to stand overnight at 4°C. The reaction mixture was th n 
diluted with 200 ml of ethyl acetate and washed with 200 ml of water and with 200 ml of an aqueous soluti n 
of sodium chloride, in that order. The organic layer was then dried over anhydrous sodium sulphate and con- 
centrated by evaporation under reduced pressure. The resulting residue was subjected to column 
chromatography through silica gel, using mixtures of ethyl acetate and methanol ranging from 9 : 1 to 8 : 2 by 
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volume as the eluent Those fractions containing the title compound were collected and concentrated by evapor- 
ation under reduced pressure, to afford 640 mg of the title compound as a powder. 
5 Infrared Absorption Spectrum (KBr), cnr 1 : 

1768, 1750, 1710, 1649. 1522, 1347, 1260. 
Nudear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppnru 
1. 27 (3H, doublet. J = 7. 3 Hz); 

1. 36 (3H, doublet. J = 6. 0 Hz); 
10 1. 80 - 2. 05 (3H, multiplet); 

2. 40 - 3. 00 <7H. multiplet); 

3. 23 - 3. 78 (7H. multiplet); 

4. 00 - 4. 29 (5H, multiplet); 
4. 61 -4.77<1H, multiplet); 

15 5. 03 - 5. 53 (6H, multiplet); 

7. 42 - 7. 67 (6H, multiplet); 

8. 16 - 8. 25 (6H, multiplet). 

32(3)(1R.5S. 6S>2-{(2S, 
20 4SV2-[4-(2-Hydroxyethyl)-4-methyM-horo^ 

ethyM-cart>apen-2-ern-3-carboxylatB hydrochloride 

60 jil of methyl trifluoromethanesulphonate were added dropwise. whilst ice-cooling, to a solution of 640 
mg of 4-nitrobenzyl (1R, 5S, 6S)-2-((2S, 4Sy-2^4-(2^'-nitrobenzyloxycart>onyiox^^ 
25 bony0-1-<4-nltrobenzy1oxycarbonyl)p^ 

carboxyiate [prepared as described in step (2) above] in 10 ml of acetonitrite, and the resulting mixture was 
stirred for 1 hour. At the end of this time, the reaction mixture was concentrated by evaporation under reduced 
pressure, to afford a powdery compound, which was dissolved in 20 ml of a 1 : 1 by volume mixture of tetrahyd- 
rofuran and water and hydrogenated at room temperature in the presence of 1 g of a 10% w/w palladium-on- 
30 carbon catalyst for 1 hour. The catalyst was removed by filtration, and then the filtrate was extracted twice with 
diethyl ether. The aqueous layer was concentrated by evaporation under reduced pressure, and the concen- 
trate was subjected to column chromatography through an ion exchange resin (Dowex 1 - x4, 50-100 mesh, 
Cf- type) using water as the eluent Those fractions containing the title compound were collected and concen- 
trated by evaporation under reduced pressure. The concentrate was then subjected to column chromatography 
35 through a reverse phase column (LiChroprep RP-8, size B) using 2% by volume aqueous methanol as the 
eluent Those fractions containing the title compound were collected and concentrated by evaporation under 
reduced pressure, followed by lyophBizatlon, to afford 139 mg of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr), v msx cnr 1 : 
1768, 1707, 1638, 1521, 1345, 1209, 1136. 
40 Ultraviolet Absorption Spectrum (H 2 0), U nm: 

297. 

Nuclear Magnetic Resonance Spectrum (D 2 0, 270 MHz. internal standard: sodium trlmethytsilyl- 
propionate-d4) 6 ppm: 

1. 21 (3H, doublet J = 6. 9 Hz); 
45 1. 28 (3H. doublet J -6. 3 Hz); 

1. 95 -2. 08 (1H, multiplet); . 

2. 34 (2H, broad singlet); 
3.03-3. 14 (1H, multiplet); 
3. 24 (3H, singlet); 

so 3. 31 - 3. 43 (1H, multiplet); 

3. 44 - 3. 53 (3H, multiplet); 

3. 55 - 4. 16 (13H, multiplet); 

4. 20 - 4. 29 (2H, multiplet); 
4. 83 - 4. 92 (1H, multiplet). 

55 
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EXAMPLE 33 

(1R. 5S. 6S>-e-[(1R>-1-HydroxyethytM-methyl-2-{(2S t 
late 

130 mg of propane sultone were added to a solution of 753 mg of 4-nitrobenzyl (1R, 5S, 6S)-6-{(1R)-1- 
hydroxyethyl}-1-methyl-2-[(2S, 4S)-2-(4-methyM -piperazinylcarbonyl)-1-<4^itroben^ 
4-yfthk>]-1-carbapen-2-em-3-carboxy1ate [prepared as described In Example 1(2)] in 10 ml of acetonrtrile, and 
the resulting mixture was stirred at room temperature for 60 hours and then at 50°C for 22 hours. At the end 
of this time, the solvent was removed by distillation under reduced pressure, and the resulting residue was dis- 
solved In 30 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water and hydrogenated at room temperature 
in the presence of 800 mg of a 1 0% w/w palladium-on-carbon catalyst for 2* 5 hours. The catalyst was removed 
by filtration, and then the filtrate was extracted twice with diethyl ether. The aqueous layer was then concen- 
trated by evaporation under reduced pressure to a volume of 5 ml, and the concentrate was subjected to column 
chromatography through a reverse phase column (UChrocrep RP-8, size B) using water as the eluent Thos 
fractions containing the title compound were collected, concentrated by evaporation under reduced pressure 
and lyophilized, to afford 137 mg of the title compound as a powder. 

Infrared Absorption Spectrum (KBr), v^ cmr 1 : 
1759, 1659. 1597. 1470. 1387, 1184, 1041. 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
297. 

Nuclear Magnetic Resonance Spectrum (D 2 0. 270 MHz, internal standard: sodium trimethylsilyl- 
propionate-d4) S ppm: 

1. 22 (3H, doublet. J = 7. 3 Hz); 
1. 29 (3H, doublet, J = 6. 6 Hz); 
1.93-2. 11 (1H, multiplet); 
2.24-2.36 (1H, multiplet); 

2. 94 - 3. 14 (41 1 , multiplet); 

3. 26 and 3. 27 (together 3H, two singlets); 

3. 32 - 3. 57 (3H, multiplet); 
3.64 - 4. 30 (17H. multiplet); 

4. 80 - 4. 90 (1H. multiplet). 

EXAMPLE 34 
(5R, 6S)-2-[(2S. 

4S)-2-(4.4-DimethyM -piperaziniocarbonyl)pyiToiidin-4-ylthiol-6-((1 R)-1 -hydroxyethyQ-1-carbapen-2-em-3-carb 
oxylate hydrochloride 

34(1) 4-Nitrobenzyl (5R, 6S)-6-((1R)-1 -hydroxy ethyl]-2-((2S. 

4S)-2-(4^ethyM-piperazinylrarbonylH 
rboxylate 

85 \i( of dlisopropylethylamine and 86 *il of diphenyf chlorophosphate were simultaneously added, whilst 
ice-cooling, to a solution of 161 mg of 4-nitrobenzyl (5R, 6S>^(1R>-1-hydroxyethyil-2-oxo-1-carbapenarn-3- 
carboxyfate in 2 ml of anhydrous acetonitrile, and the resulting mixture was stirred at the same temperature for 
1 hour. At the end of this time, 232 \it of diisopropylethyiamine and a solution of 310 mgof (2S, 4S)~4-mercap- 
to-2-(4HTiethyM-piperaziny1cartx)ny1)-1^ trifluoromethanesulphonate 
[prepared as described in Example 1 (1)] En 2 ml of anhydrous acetonitrfle were added dropwise to the mixture, 
whilst ice-cooling; and the resulting mixture was stirred at the same temperature for 2 hours, after which it was 
allowed to stand overnight, whilst ice-cooling. At the end of this time, the solvent was removed by distillation 
under reduced pressure, and the resulting residue was worked up and purified in a similar manner to that des- 
cribed in Example 29(1), to afford 209 mg of the title compound as a powder. 
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34(2) (SR. 6S)-2-f(2S. 4S)-2-(4, 

4-DlmethyM-piperazlniocarbonyl)pyrr^ 

hydrochloride 

27 |j.f of methyl fluorosulphonate were added to a solution of 205 mg of 4-nitrobenzyl (5R, 6S)-6-{(1R)-1- 
hydroxyethyl]-2-[(2S, 4S)-2-(4-methyM-piperazinylcarbonylH^ 

1-carbapen-2-em-3-carboxylate [prepared as described In step (1) above] in 2.1 m! of anhydrous acetonitrile. 
whilst Ice-cooling, and the resulting mixture was stirred at the same temperature for 30 minutes. At the end of 
this time, the solvent was removed by distillation under reduced pressure, and the resulting residue was dis- 
solved in a mixture of 7 ml of tetrahydrofuran and 7 ml of water and hydrogenated in the presence of 250 mg 
of a 10% w/w palladium-on-carbon catalyst The reaction mixture was then worked up and purified in a similar 
manner to that described in Example 29(2), to afford 21 mg of the title compound as a powder. 
Ultraviolet Absorption Spectrum (H 2 0), U nni: 
297. 

EXAMPLE 35 

(SR. 6S)-24(2S f 4S)-2-(4. ^ ^ 

4-PimethyM-homoptperainl(>ca^ 

late hydrochloride 

35(1) 4-Nitro benzyl (5R t 6S)-2-[(2S t 

4S)-2-(4-methyM-homopiperazlnvlcarbonyn^ 

yethyj>1-carbapen-2-env3-carboxylate 

76 |i( of diisopropylethylamine and 77 \it of diphenyl chlorophosphate were simultaneously added, whilst 
ice-cooling, to a solution of 145 mg of 4-nitrobenzyl (5R, 6S)-6^(1RM-hydroxyethy^^ 
carboxylate In 2 ml of anhydrous acetonitrile, and the resulting mixture was stirred at the same temperature for 
1 hour. 247 |xf of diisopropylamine and a solution of 361 mg of (2S, 4S)-4-mercapto-2-<4-methyl-1- 
homopiperazinylcart)onyl)-1-(4-nitrobenzyloxycarbonyl)pyrTolidine bis(trifluoromethanesulphonate) (prepared 
as described in Example 7(1)] in 2 ml of anhydrous acetonitrile were added dropwise to the mixture, whBst Ice- 
cooling, and the resulting mixture was stirred at the same temperature for 2 hours, after which It was allowed 
to stand overnight, whilst ice-cooling. At the end of this time, the solvent was removed by distillation und r 
reduced pressure, and the resulting residue was worked up and purified In a similar manner to that described 
in Example 29(1), to afford 150 mg of the title compound as a powder. 

35(2) (SR. 6S)-2-((2S t 
4S)-2-(4-Dimethy1-1-honK)piperazinioc^ 
arboxylate hydrochloride 

18 \it of methyl fluorosulphonate were added, whilst ice-cooling, to a solution of 141 mg of 4-nitrobenzyl 
(5R, 6S)-2-{(2S, 4^2-(4-methyl-1-homopiperazinylcart»^ 

6-[(1^1-h^roxyethylH-<^apo«-2-em-3-carboxylate [prepared as described in step (1) above] in 1. 5 ml of 
anhydrous acetonitrile, and the resulting mixture was stirred at the same temperature for 30 minutes. At the 
end of this time, the solvent was removed by distillation under reduced pressure, and the resulting residue was 
dissolved In a mixture of 5 ml of tetrahydrofuran and 5 ml of water and hydrogenated in the presence of 170 
mg of a 1 0% w/w palladium-on-carbon catalyst The reaction mixture was then worked up and purified in a simi- 
lar manner to that described in Example 29(2). to afford 17 mg of the title compound as a powder. 
Ultraviolet Absorption Spectrum (H 2 0), nm: 
297. 
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EXAMPLE 36 

OR, 5S, 6S)-2-{(2S t 
4S)-2-[4-(2-Cart>amoyloxyethylH-^ 
yl]»1«methyl*1-^rbapen-2-em-3-carboxy1ate hydrochloride 

36(1) (2S, 

4S)-2-{4-(2-Cart)amoyloxyethyO-1-homopiperazin^ 
Ine trifluoromethanesulphonate 

2. 7 ml of trifluoroacetic acid and 88 uf of trifluoromethanesul phonic acid were added, whilst ice-cooiing f 
to a solution of 308 mg of (2S. 4S)-4-(4-methoxybenzylthio)-2-[4-(2^roamQV^^ 

bonyl}-H4-nitrobenzyloxycart)onyl)-pyiTOlidine dissolved in 543 uf of anisole, and the resulting mixture was 
stirred at the same temperature for 1 hour. At the end of this time, the reaction mixture was worked up In a 
similar manner to that described in Example 32(1), to afford 315 mg of the title compound. 

36(2) 4-Nitrobenzyl (1R, 5S, 6S)-2-{(2S, 

4S)-2-[4^2H^rtjamoyloxyethy1H4iomopipera 

-[(1 R)-1 -hydroxyethylH -methyM -carbapen-2-em-3-carboxylate 

88 u£ of diphenyl chlorophosphate and 74 jif of diisopropylethylamine were added dropwise, whilst ice- 
cooling, to a solution of 145 mg of 4-nitrobenzyl (1R, 5R, 6S)-6-{(1R)-1-hydroxyethyll-1-methyl-2-oxo-1-car- 
bapenam-3-carboxyIate in 2 ml of anhydrous acetonitrile, and the resulting mixture was stirred at the same 
temperature for 1 hour. 202 \i( of diisopropylethylamine and a solution of 310 mg of (2S, 4§)-2-{4-(2-car- 
bamoyloxyethyl)-1-homopiperazinylcarbonyl]-4-m trif- 
luoromethanesulphonate [prepared as described in step (1) above] in 2. 0 ml of anhydrous acetonitrile were 
then added dropwise to the mixture, whilst ice-cooling, and the resulting mixture was allowed to stand overnight 
at the same temperature. At the end of this time, the reaction mixture was worked up and purified in a similar 
manner to that described in Example 32(2), to afford 107 mg of the title compound as a powder. 

36(3) (1R, 5S, 6S)-2-{(2S, 
4S)-2-[4-(2-Carbamoyloxyethyl)-4-methyM-n^ 
yl}-1-methyM-cart)apen-2-en>3-carboxylate hydrochloride 

14 of methyl fluorosulphonate were added dropwise to a solution of 105 mg of 4-nitrobenzyl (1R, 5S, 
6S)-2-{(2S, 4S)-2-[4-(2-carbamoyloxyethyl)-1-homopfo^ 

din-4-ylthto}^(1F^1-hydroxyethylM-m [prepared as described in step 

(2) above] in 2. 2 ml of anhydrous acetonitrile, whilst ice-cooling, and the resulting mixture was then stirred for 
1 hour. At the end of this time, the solvent was removed by distillation under reduced pressure, and the resulting 
residue was dissolved in a mixture of 5. 5 ml) tetrahydrofuran and 5. 5 ml of water and hydrogenated in the 
presence of 225 mg of a 1 0% w/w palladium-on-carbon catalyst The reaction mixture was then worked up and 
purified in a similar manner to that described in Example 32(3), to afford 31 mg of the title compound as a pow- 
der. 

Ultraviolet Absorption Spectrum (H 2 0), nm: 
296 

EXAMPLE 37 

(1R. SS, 6S)-2-[(2S, 

4S)-2-(4-CarbarnoylmethyM-rra 

methyM -caroapen-2-enrh3-carboxylate hydrochloride 

37(1) (2S. 

4S)-2-(4-Caiftamoy!methyM-homopiper^ 
trifluoromethanesulphonate 

3. 4 ml of trifluoroacetic acid and 1 1 0 u,f of trifluoromethanesulphonic add were added, whilst ice-cooling, 
to a suspension of 366 mg of (2S, 4S)-4-(4-fnethoxyb nzytthio)-2-(4-carbamoy1methyl*1-honwpiperazinylcar- 
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bonylM-(4-nitrobenzyloxycarb nyl)-pyrrolidlne in 679 \ii f anisole, and the resulting mixture was stirred at 
room temperature for 1 hour. At the end of this time, the reaction mixture was worked up in a similar manner 
to that described in Example 32(1), t afford 355 mg of the title compound. 

37(2) 4-Nitrobenzyl (1R, SS. 6S)-2-[(2S, 

4S)-2-<4-carfaajnoy1methyM-homoplperazlnyira 

arfaapen-2-em-3-carboxylate 

104 (if of diphenyl chtorophosphate and 88 of diisopropyiethytamine were added dropwise, whilst ice- 
cooling, to a solution of 171 mg of 4-nitrobenzyl (1R, 5R, 6S)^(1R>1-hydiwyethyi>1^ethyi-2<«c^1-car- 
bapenam-3-carboxylate in 2 ml of anhydrous acetonitrile, and the resulting mixture was stirred at the same 
temperature for 1 hour. 237 of diisopropyiethylamine and a solution of 350 mg of (2S, 4Sy2-i4^ar- 
bamoylmethyI-1-homopiperazinyl)-4-mereapto-M^ trifluoromethanesul- 
phonate [prepared as described in step (1) above] in 2 ml of anhydrous acetonitrile were then added to th 
mixture, whilst ice-cooling, and the mixture was allowed to stand overnight at the same temperature. At the 
end of this time, the reaction mixture was worked up and purified in a similar manner to that described in 
Example 32(2), to afford 143 mg of the title compound as a powder. 

37(3) (1R,5S, 6S)-2-r(2S, 

4S)-2-(4-Carbamoylmethyl-4-methyi>1 -homopipera2iniCK^rbonyl)pyTrolidin-4-yithio1-6-I(1 R)-1 -hydroxyethyl}-1 - 
methyl-1-carbapen-2-em-3-carboxylate hydrochloride 

15.5 \it of methyl fluorosulphonate were added dropwise to a solution of 131 mg of 4-nitrobenzyl (1R, 5S, 
6S)-2-[(2S, 4S)-2-(4-<^anrroylmethyl-1-homopiper^ 

1-methyl-1-carbapen-2-em-3-carboxylate [prepared as described in step (2) above] in 2. 4 ml of anhydrous 
acetonitrile, whilst ice-cooling, and the resulting mixture was stirred for 1 hour. Atthe end of this time, the solvent 
was removed by distillation under reduced pressure, and the resulting residue was dissolved In a mixture of 6 
ml of tetrahydrofuran and 6 ml of water and hydrogenated in the presence of 240 mg of a 10% w/w palladium- 
on-carbon catalyst The reaction mixture was then worked up and purified In a similar manner to that described 
in Example 32(3), to afford 28 mg of the title compound as a powder. 
Ultraviolet Absorption Spectrum (H 2 0), X™* nm: 
297. 5. 

PREPARATION 1 

(2S, 4S)^4-Methoxybenzylthio)-2-(4-methy^ 

1(a) (2S, 4S>4-(4-Methoxybenzylthio)-2-pyrroiidinecarboxylic acid 

4. 0 g of (2S, 4S)-2-caitamoy»-4-(4-memoxybenzylthio)pyrrolidine hydrochloride were dissolved In 40 ml 
of 2N aqueous hydrochloric acid, and the resulting solution was stirred for 1 . 5 hours on an oD bath at 95 - 1 00°C. 
At the end of this time, the solution was cooled to room temperature, and then about 40 ml of a 2N aqueous 
solution of sodium hydroxide were added to the solution, whilst stirring, to adjust its pH to a value of between 
4 and 6. The crystals which separated were collected by filtration, washed with water and dried in the air, to 
yield 3. 25 g of the title compound as crystals, melting at 198 - 200°C. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 6 pprru 

1. 69 (1H, doublet of triplets. J = 13. 2 & 8. 3 Hz); 

2. 44 (1 H, doublet of triplets, J = 13. 2 & 6. 8 Hz); 

2. 90 (1H, doublet of doublets, J * 11. 2 & 7. 8 Hz); 
3. 15 - 3. 60 (4H, multiplet); 

3. 66 (1H, triplet J = 8. 3 Hz); 

3. 73 (3H, singlet); 

3. 74 (2H, singlet); 

6. 88 (2H, d ublet, J = 8. 8 Hz); 

7. 25 (2H f doublet, J = 8. 8 Hz). 

Infrared Absorption Spectrum (KBr), v^ car 1 ; 
1610, 1576, 1511, 1445, 1376, 1243. 
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Kb) (2S. 4S)^(44dethoxybenzy1thioH^^ acM 

5 1 . 87 g of (2S, 4S)-4^4-fnethoxybenzyIthio)-2-pyrrolidInecarfooxyllc acid [prepared as described in step (a) 

above] was suspended In 80 ml of a 1 : 1 by volume mixture of tetrahydrofuran and water. This suspension 
was then converted to a homogeneous solution by the addition of 7 ml of a 1N aqueous solution of sodium 
hydroxide. Whilst stirring this solution on an ice bath, 10 ml of a tetrahydrofuran solution containing 1510 mg 
of 4-nitrobenzyioxycarbonyi chloride and 7 ml of a 1N aqueous solution of sodium hydroxide were gradually 

10 added dropwise at the same time, and the resulting mixture was stirred under the same conditions for 10 
minutes. At the end of this time, the tetrahydrofuran was removed by evaporation under reduced pressure. 1N 
aqueous hydrochloric acid was added to the reaction solution to adjust its pH to a value of between 2 and 3. 
The crystals which separated were collected by filtration, washed well with water and dried in the air. They were 
then further washed with a small amount of diethyl ether and dried, to obtain 2. 42 g of the title compound, melt- 

15 ing at 96 - 98°C. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 
2. 03-2. 18 (1H, multiplet); 

2. 52-2. 68 (1H, multiplet); 

3. 08 - 3. 22(1 H. multiplet); 
20 3. 27 - 3. 42 (1 H. multiplet); 

3. 72 (2H, singlet); 
3. 79 (3H, singlet); 
3. 77 - 3. 98 (1H, multiplet); 

4. 38 (1H, triplet, J = 7. 3 Hz); 
25 5. 03 - 5. 35 (2H, multiplet); 

6. 85 (2H, doublet, J = 8. 8 Hz); 

7. 22 (2H, doublet J = 8. 8 Hz); 

7. 42, 7. 48 (2H. two doublets, J = 8. 3 Hz); 
8. 16, 8. 22 (2H, two doublets. J = 8. 3 Hz); 
30 5.4-6. 6(1 H, broad) 

Infrared Absorption Spectrum (KBr), v^,* crrr 1 : 
3000. 1746. 1673. 1511. 1341. 1178. 

1(c) (2S, 

35 4S)^(4-Methoxybenzylthio)-2-(4-methyl-1-p^^ 

11. 7 g of (2S, 4§)-4-(4-methoxybenzylthio)-1^4-nitrobera acid 
[prepared as described in step (b) above] were dissolved in 100 ml of anhydrous acetonitrile. 4. 9 g of N,N'- 
carbonyldiimidazole were then added to the solution, which was then stirred for 30 minutes at room temperature. 
40 At the end of this time, 3. 5 g of N-methylpiperazine were added to the reaction solution, and it was then stirred 
at room temperature for 30 minutes, and then at 40°C for 30 minutes. The reaction solution was then condens d 
to 30 ml by evaporation under reduced pressure, and the residue was d fluted with 300 ml of ethyl acetat . Th 
resulting solution was washed once with 100 ml of a saturated aqueous solution of sodium hydrogencarbonate 
three times with 1 00 ml of water and once with 1 00 ml of a saturated aqueous solution of sodium chlorid . Th 
45 ethyl acetate layer was condensed by evaporation under reduced pressure, to obtain 1. 36 g of a crystalline 
residue. Recrystallization of this crystalline residue from 1 00 mi of ethano) gave 13. 0 g of the title compound 
as colourless needles, melting at 140 • 141°C. 
Infrared Absorption Spectrum (KBr), crrr 1 : 
1710. 1656, 1340. 

so Nuclear Magnetic Resonance Spectrum (CDCf 270 MHz), 5 ppm: 

1.72-1.84(1H, multiplet); 

2.24-2.31 (5H t multiplet); 

2. 42 -2. 52 (2H. multiplet); 

3. 02-3. 16 (1H, multiplet); 
55 3. 30 -3. 70 (5H. multiplet); 

3. 72 (2H. singlet); 

3. 79, 3. 80 (together 3H. two singlets); 

3. 81 - 4. 07 (1H, multiplet); 

4. 56. 4. 61 (together 1H, two triplets, J « 8. 3 Hz) 

5. 01 - 5. 31 (2H, two AB quartets, J - 13. 7 Hz); 
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6. 85 (2H, doublet, J = 8. 8 Hz); 
7. 23 (2H, doublet J 85 8. 8 Hz); 
7. 43. 7. 47 (together 2H. two doublets, J = 8. 8 Hz); 
8. 18, 8. 23 (together 2H. two doublets, J = 8. 8 Hz). 
Mass spectrum m/e: 528 (M+). 

PREPARATIONS 2 TO 6 

By using 2-<2-aminoelhyl)-1-methyipynro!ldine t 4-aminomethyfpyridine v N.N-dimethyiethylenediamine, 1- 
methylhomoplperazine or 3-aminoquinuclidine, instead of 1-methyipiperazine, the following compounds were 
obtained by a similar procedure to that described in Preparation 1 (c). 

PREPARATION 2 

(2S, 

4S)^4-Methoxybenzylthio)-2-(1wT>eth^ 
e 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1718, 1689. 1660, 1607, 1550, 1530, 1514, 1448. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 

1. 45 - Z 68 (14H, multiplet); 

2. 95 - 3. 31 (4H, multiplet); 

3.42-3. 58(1 H f multiplet); 

3. 64 - 4. 04 (1H, multiplet); 

3. 71 (2H. singlet); 

3. 79 (3H, singlet); 

4.22 - 4. 28 (1H, multiplet); 

5. 16, 5. 26 (2H, AB, J = 13, 67 Hz); 

6. 84 (2H, doublet, J = 8. 79 Hz); 

7. 22 (2H, doublet, J = 8. 79 Hz); 

7. 56, 8. 14 (1H, two broad singlets); 

8. 21 (2H, doublet J = 8. 79 Hz). 

PREPARATION 3 

(2S» 4S)^4-Methoxybenzylthio)-1-(4-nitrob 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1708. 1606, 1512. 1461. 1416. 
Nuclear Magnetic Resonance Spectrum (CDCf 3, 270 MHz), 6 ppm: 

1 . 78 - 2. 67 (3H, multiplet); 

3. 16 - 3. 22 (1H. multiplet); 

3. 30- 3. 51(1H, multiplet); 

3. 72 (2H, singlet); 

3. 80 (3H, singlet); 

4. 40 (1H, triplet, J = 6. 96 Hz); 

4. 40 - 4. 62 (2H, multiplet); 

5.15-5. 28 (2H, multiplet); 

6. 85 (2H, doublet, J = 8. 05 Hz); 

7. 10 - 7. 52 (2H, multiplet); 

7. 22 (2H, doublet, J « 8.-05 Hz); 

8. 21 (2H, doublet. J = 7. 33 Hz); 

8. 51 (2H. broad singlet). 
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PREPARATION 4 



4S)-2-(2-Dimethy1am!noethylcart)amoyt^^ 

Infrared Absorption Spectrum (KBr), Vn^ cnr 1 ; 

1713, 1650, 1525. 1346. 
Nuclear Magnetic Resonance Spectrum (CDCf 3l 270 MHz), 6 ppm: 

2. 14. 2. 22 (together 6H, two singlets); 

2. 23 - 2. 65 (4H. multiplet); 

3. 06-3. 17 (1H. multiplet); 
3. 22 - 3. 46 (3H, multiplet); 
3. 72 (2H t singlet); 

3. 79 (3H. singlet); 

3. 75-4. 06 (1H. multiplet); 

4. 25 (1H, broad singlet); 

5. 13-5.28 (2H t multiplet); 
6. 45-6. 80 (1H, broad); 

6. 84 (2H, doublet J = 8. 8 Hz); 

7. 22 (2H, doublet, J = 8. 8 Hz); 
7. 48 (2H, doublet, J = 8. 3 Hz); 

8. 22 (2H. doublet, J = 8. 3 Hz). 

PREPARATION 5 



4S)-4-(4-Methoxybenzylthio)-2-(4^ethyt-1-homopiperaa^ 



Infrared Absorption Spectrum (liquid film), cnr 1 : 

1710, 1650. 1513. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 

1.73-2. 04 (3H, multiplet); 

2. 23 - 2. 77 (8H, multiplet); 

3. 02-3. 16 (1H, multiplet); 
3. 33 - 4. 08 (6H. multiplet); 

3. 70. 3. 72 (together 2H, two singlets); 
3. 79, 3. 80 (together 2H. two singlets); 
4.15-4.63 (1H, multiplet); 

5. 01 - 5. 34 (2H. multiplet); 

6. 85 (2H. doublet, J = 8. 79 Hz); 

7. 24 (2H, doublet, J = 8. 79 Hz); 

7. 45, 7. 47 (together 2H, two doublets, J = 8. 79 Hz); 
8. 19. 6. 23 (together 2H, two doublets. J = 8. 79 Hz). 

PREPARATION 6 

(4S)^(4-MethoxybenzyithioH^4-ni^ 

Nuclear Magnetic Resonance Spectrum (CDCf * 270 MHz). 6 ppm: 
1. 1 - 2. 0 (5H. multiplet); 
2. 1 - 3. 0 (7H, multiplet); 
3.0-4. 1 (5H, multiplet); 
3. 72 (2H, singlet); 

3. 77 (3H. singlet); 

4. 30 (1H, triplet J = 7 Hz); 
5. 23 (2H. singlet); 

6. 65 (1H, broad); 
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6. 85 (2H, doublet, J = 8. 5 Hz); 

7. 26 (2H. doublet J = 8. 5 Hz); 
5 7. 50 (2H, doublet J = 8. 5 Hz); 

8. 25 (2H, doublet J = 8. 5 Hz). 

PREPARATION 7 
10 (2S, 

4S)-244-(2-Hydroxyethyl)-1-piperazinyl(^rt)onyl1^ 
dine 

10. 9 g of N f N'-carbonyidiimidazole were added to a solution of 25. 0 g of (2S, 4S>4-(4-methoxyb nzyt- 
15 thto)-1-(4-nitrobenzyioxycarbonyl)-2-pyrroJidinecarboxylic acid in 200 ml of anhydrous acetonirile, and the 
resulting mixture was stirred at room temperature for 1 hour. At the end of this time, a solution of 10. 9 g of 
1-(2-hydroxyethyl)piperazine in 50 ml of anhydrous acetonitrile was added to the mixture, which was then stirr d 
at room temperature for 45 minutes. The reaction mixture was then concentrated by evaporation under reduced 
pressure, and the resulting residue was diluted with 800 ml of ethyl acetate and then washed, three times with 
20 200 ml of water, and then once with 1 50 mi of an aqueous solution of sodium chloride. The ethyl acetate layer 
was concentrated by evaporation under reduced pressure to a volume of 100 ml, and the crystals which pre- 
cipitated were collected by filtration, to give 28. 6 g of the title compound as colourless crystals, melting at 140 - 
141°C. 

Infrared Absorption Spectrum (KBr), crrH: 
2S 1710, 1653, 1670, 1512. 1439, 1404, 1344. 

Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 8 ppm: 
1.48-1. 85 (2H, multiplet); 
2. 32 - 2. 64 (6H, multiplet); 

2. 59 (2H f triplet, J = 5. 37 Hz); 
30 3. 03 - 3. 1 6 (1 H, multiplet); 

3. 30 - 3. 71 (5H, multiplet); 

3. 65 (2H, triplet J = 5. 37 Hz); 
3. 73 (2H, singlet); 

3. 79, 3. 80 (together 3H, two singlets); 
35 3. 82 - 4. 07 (1H, multiplet); 

4. 56, 4. 61 (together 1H, two triplets, J = 8. 30 Hz); 

5. 02 - 5. 31 (2H, multiplet); 

6. 85 (2H ( doublet J = 8. 79 Hz); 

7. 23 (2H. doublet J = 8. 79 Hz); 

40 7. 43, 7. 47 (together 2H, two doublets, J = 8. 79 Hz); 

8. 18, 8. 23 (together 2H, two doublets, J = 8. 79 Hz). 

PREPARATION 8 

45 (2S, 

4S)^4-Methoxybenzylthlo)-2-(1^Qthyl^p 
fluorosulphonate 

326 mg of (2S, 4S)^4nrietrKixybenzyithio)-2^4-pyridiniomethylcart 
so bonyt)-pyrrolidine were dissolved in 6 ml of methylene chloride, and the solution was placed on an ice bath. 
57 ui of methyl fluorosulphonate were then added to the solution, still on the ice bath, and the resulting mixture 
was stirred for 1 hour at room temperature. At the end of this time, the solvent was removed by distillation under 
reduced pressure, to obtain 395 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 
55 1704, 1644,1608, 1581, 1513. 1344, 1287, 1246. 

Nuclear Magnetic Resonance Spectrum (D 2 O t 270 MHz), 5 ppm: 
1.85-1.90(1H, multiplet); 
2. 45 - 2. 54 (1H, multiplet); 
3. 16-3.35(2H,mu!tipl t); 
3. 59 (2H, singlet); 
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3. 64 (3H, singlet); 

3. 64 - 4. 48 (4H, multiplet); 
5 4. 00, 4. 11 (together 3H, two singlets); 

4. 98-5. 17 (2H. multiplet); 

6. 77, 6. 79 (together 2H, two doublets, J = 8. 79 Hz); 

7. 13 (2H, doublet, J = 8. 79 Hz); 

7. 30 (1H ( doublet J = 8. 06 Hz); 
10 7. 39 (1 H. doublet J = 8. 79 Hz); 

7. 56 (1H. doublet J = 6. 59 Hz); 

7. 67 (1H, doublet J = 6. 59 Hz); 

8. 01 (1H, doublet J = 8. 06 Hz); 
8. 06 (1H, doublet J = 8. 79 Hz); 

15 8. 23 (1 H, doublet J = 6. 59 Hz); 

8. 38 (1H, doublet J = 6. 59 Hz). 

PREPARATION 9 

20 (2S, 

4S)-2-[4K2<: arbamoytoxy ethyl H -pipe 
pyrrolidine 

1 . 43 ml of trichloroacetyl isocyanate was added, whilst ice-cooling, to a solution of 5. 59 g of (2S, 4S)-2- 

25 [4-(2-hydroxyethylH-piperazinylcart»ny^ 

50 ml of anhydrous methylene chloride, and the resulting mixture was stirred at the same temperature for 30 
minutes. At the end of this time, the solvent was removed by distillation under reduced pressure, the resulting 
residue was dissolved in 120 ml of methanol, and the solution was stirred at room temperature for 4. 5 h urs 
in the presence of 35 g of silica gel (a product of Merck & Co., Inc., silica gel 60, 230-400 mesh). The silica gel 

30 was removed by filtration, and the filtrate was freed from methanol by evaporation under reduced pressure. 
The resulting residue was purified by column chromatography through silica gel. Those fractions eluted with 
an 8 : 1 by volume mixture of ethyl acetate and methanol were collected and concentrated by evaporation under 
reduced pressure, to give 5. 76 g of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr) r cnr 1 : 

35 3353, 1711, 1652, 1608, 1513, 1344. 1242. 

Nuclear Magnetic Resonance Spectrum (hexadeuterated dimethyl sulphoxide, 270 MHz), 6 ppm: 

1. 38 - 1. 57 (1H. multiplet); 

2. 14 - 2. 70 (7H, multiplet); 

2. 98 - 4. 08 (9H, multiplet); 

40 3. 72, 3. 74 (together 3H, two singlets); 

3. 77 (2H, singlet); 

4. 66, 4. 77 (together 1 H. two triplets, J = 7. 81 Hz); 
5. 02 - 5. 25 (2H, multiplet); 

6. 45 (2H, broad singlet); 
45 6. 88 (2H, doublet J = 8. 79 Hz); 

7. 26 (2H, doublet J = 8. 79 Hz); 

7. 52, 7. 60 (together 2H, two doublets, J = 8. 79 Hz); 

8. 20, 8. 24 (together 2H, two doublets, J = 8. 79 Hz). 

SO PREPARATIONS 10 TO 13 

The procedure described in Preparation 7 was repeated, but using 1-carbamoytmethytpiperazine, 1-(4-nit- 
robenzyloxycarbonylmethyl)piperazine, 1 ^4Hiitrobenzyloxycartx)rrylmethyl)homopiperazine, and 1,2- 
' dimethylpiperazine. respectively, in place of 1-(2-hydroxyethyl)piperazine f to prepare the following compounds. 

55 
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PREPARATION 10 
(2S, 

4S)-2K4-Carbamoylmethyfpiperaan^ 
ine 

Infrared Absorption Spectrum (KBr), cm-i: 

1708, 1654. 1608. 1583. 1513, 1438. 1404. 1344, 1300, 1241. 
Nuclear Magnetic Resonance Spectrum (CDCf * 270 MHz), 6 ppm: 

1.72-1. 83 (IH.multiplet); i t 

2. 02 - 2. 1 0 (1 H, multiplet); 

2. 34 - 2. 72 (5H, multiplet); 

2. 99-3. 18 (3H. multiplet); 

3. 30 - 3. 64 (4H, multiplet); 
3. 73 (2H, singlet); 

3. 79, 3. 80 (together 3H. two singlets); 
3. 82-4. 13 (1H, multiplet); 

4. 52 - 4. 77 <1H, multiplet); 
5. 01 - 5. 36 (2H. multiplet); 

5. 56 (1H, broad singlet); 

6. 77, 6. 88 (together 1H, two broad singlets); 

6. 84, 6. 85 (together 2H. two doublets, J = 8. 79 Hz); 
7. 22, 7. 23 (together 2H, two doublets, J = 8. 79 Hz); 
7. 43, 7. 47 (together 2H, two doublets, J » 8. 79 Hz); 
8. 19. 8. 23 (together 2H, two doublets, J = 8. 79 Hz). 

PREPARATION 11 

(2S, 

4S)-4-(4-Methoxybenzyithio)-2-[4-(4-nto^ 
ycarbonyQpyrrolidine 

Infrared Absorption Spectrum (KBr), cnr 1 : 

1750, 1710, 1655, 1520, 1345. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 8 ppm: 

1. 73 - 1. 84 (1H. multiplet); 

2.41-2.70 (5H. multiplet); 

3. 02 - 3. 17 (1H, multiplet); 

3. 29, 3. 30 (together 3H, two singlets); 

3. 37 - 3. 70 (5H, multiplet); 

3. 72 (2H, singlet); 

3. 78. 3. 79 (together 3H, two singlets); 
3. 82 - 4. 07 (1H, multiplet); 

4. 53 -4. 63 (1H. multiplet); 
5.01 -5.31 (4H; multiplet); 
6. 85 (2H, doublet, J = 8. 3 Hz); 
7. 23 (2H, doublet, J = 8. 3 Hz); 
7. 42 - 7. 53 (4H, multiplet); 
8. 18 - 8. 25 (4H, multiplet). 

PREPARATION 12 

(2S. 

4S)^4-Methoxybenzylthto)-2-[4-<4-rt 
zytoxycarbonyOpyrrolidln 

Infrared Absorption Spectrum (HQuid film), cnr 1 : 
1748, 1709, 1650, 1608, 1520, 1429, 1404, 1346. 
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Nuclear Magnetic Resonance Spectrum (CDCf 3< 270 MHz), 8 ppm: 
1.71-2.03 (3H, multiset); 
5 2. 42 * 3. 17 (6H, multiplet); 

3. 32 - 4. 08 (8H, multiplet); 
3. 73 (2H, singlet); 

3. 80. 3. 82 (together 3H. two singlets); 
4. 49-4. 63 (1H. multiplet); 
10 5. 02 - 5. 35 (4H. multiplet); 

6. 85 (2H t doublet J = 8. 30 Hz); 
7. 23 (2H f doublet J = 8. 30 Hz); 

7. 43 - 7. 52 (4H, multiplet); 
8. 15 - 8. 25 (4H, multiplet). 

15 

PREPARATION 13 



4S)-2-(3 > 4-DimethyM-piperazinylrar^^ 

Infrared Absorption Spectrum (KBr), cnr 1 : 
1711, 1655, 1608, 1513, 1439, 1403, 1344. 
Nuclear Magnetic Resonance Spectrum (CDCl 3 , 270 MHz), 8 ppm: 
1. 01, 1. 07 (together 3H, two doublets. J ■ 6. 35 Hz); 
1. 67 - 3. 17 (8H, multiplet); 
2. 27, 2. 29 (together 3H, two singlets); 
3. 29 - 4. 08 (3H, multiplet); 
3. 72 (2H. singlet); 

3. 79, 3. 80 (together 3H, two singlets); 
4. 18 -4. 44(1 H, multiplet); 

4. 50-4. 67 (1H, multiplet); 

5. 00 - 5. 32 (2H, multiplet); 

6. 85 (2H. doublet J = 8. 30 Hz); 

7. 23 (2H, doublet J - 8. 30 Hz); 
7. 39 - 7. 49 (2H. multiplet); 
8. 16 - 8. 24 (2H. multiplet). 

PREPARATION 14 

40 (2S, 

4S)-2K4-[2-(4-Nitrobenzyloxycarbony1)ox^ 
zyloxycarbonyl)pyrrolidine 

5. 86 g of 4-dimethylaminopyridine and a solution of 10. 35 g of fwiltro benzyl chloroformate in 40 ml of 
45 anhydrous methylene chloride were added to a solution of 22. 35 g of (2S, 4§)-2H4^2-hydroxyethyl)-1-piperazl- 
nylcarbonyq^4-methoxybertty!mto^ (prepared as described in Prep- 

aration 7) in 1 60 ml of anhydrous methylene chloride, and the resulting mixture was stirred at room temperature 
for 1 hour. At the end of this time, the reaction mixture was diluted with 300 ml of ethyl acetate and washed 
with 100 ml of water, with 100 ml of a saturated aqueous solution of sodium hydrogencarbonate and with 10Q 
so ml of a saturated aqueous solution of sodium chloride, in that order. The solvents were removed by distillation 
under reduced pressure, and the resulting residue was purified by column chromatography through silica gel. 
Those fractions eluted with ethyl acetate were collected and concentrated by evaporation under reduced press- 
ure, to give 26. 35 g of the title compound as a colourless powder. 
Infrared Absorption Spectrum (KBr), cnr 1 : 
55 1748, 1710, 1655, 1608..1521, 1346, 1251. 

Nuclear Magnetic Resonance Spectrum (CDCf* 270 MHz), 8 ppm: 
1.72-1.64(1H, multiplet); 
2. 26 - 2. 73 (6H. multiplet); 
2.97-3. 16 (1H, multiplet); 
3. 29 - 4. 10 (7H, multiplet); 
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3. 72 (2H. singlet); 

3. 79, 3. 80 (together 3H, two singlets); 
4.24-4. 31 (2H. multiplet); 

4. 52 - 4. 63 (1H. multiplet); 

5. 00 - 5. 35 (4H V multiplet); 

6. 85 (2H, doublet. J » 8. 79 Hz); 

7. 23 (2H, doublet, J = 8. 79 Hz); 

8. 41 - 7. 57 (4H, multiplet); 

8. 16 - 8. 25 (4H, multiplet). 

PREPARATION 15 
(2S. 

4R)^Hydroxy-2-{4-t2-(4-nitroben^ 
Qpynrolidine 

This Preparation illustrates three different ways of producing the same title compound. 
15(al 

25. 7 ml of diethyl cyanophosphonate and 68.7 ml of triethylamine were added dropwise, whBst ice-cooling, 
to a suspension of 47. 8 g of trans- 4-hydroxy-1*(4-nitrobenzyloxycarbonyl)-L-prollne and 64. 8 g of 1-[2-(4-nit- 
robenzyioxycarbonyioxy)ethyi)plperazine di-hydrochloride in 400 ml of anhydrous dlmethytfbrmamlde, and th 
resulting mixture was stirred at the same temperature for 30 minutes. At the end of this time, the reaction mixture 
was diluted with 1 . 5 liters of ethyl acetate and washed with water. The organic layer was dried over anhydrous 
magnesium sulphate and concentrated by evaporation under reduced pressure, to afford 87. 6 g of the title 
compound as a powder. 

Infrared Absorption Spectrum (KBr), cnrr 1 : 

1749, 1709, 1650, 1607, 1522, 1499, 1347, 1263. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 5 ppm: 
1.63 (1H, singlet); 
1.92 - 2. 38 (8H, multiplet); 

3. 41 - 3. 83 (6H, multiplet); 

4. 24 - 4. 32 (2H, multiplet); 
4. 55 - 4. 60 (1H, multiplet); 

4. 79-4. 90 (1H, multiplet); 

5. 03-5. 35 (4H, multiplet); 
7. 44 - 7. 57 (4H. multiplet); 

8. 17 - 8. 25 (4H, multiplet). 

15(b) 

608 \i( of chlorotrimethylsOane and 670 \xt of triethylamine were added, whilst ice-cooling, to a solution of 
620 mg oftrans^ydroxy-1^4-nitro^enzyloxycarbonyl)-L-prollne dissolved in 20 ml of anhydrous acetonitrfle, 
and the resulting mixture was stirred at room temperature for 1 hour. At the end of this time, the solvent was 
removed by distHlation under reduced pressure, and the resulting residue was mixed with an aqueous solution 
of sodium chloride and then extracted with ethyl acetate. The extract was washed with an aqueous solution of 
sodium chloride, dried over anhydrous magnesium sulphate and freed from the solvent by distillation under 
reduced pressure, to afford 648 mg of trans- 1 ^4-nitrobenzyloxycartx>nyt>-4-trim as a 

powder. The whole of this product was then dissolved in 14 ml of anhydrous acetonltriie, and 330 mg of N,N'- 
carbonyldlimidazole were added to the solution. The mixture was then stirred at room temperature for 1 hour. 
At the end of this time, a solution of 630 mg of 1^-(4-nitrobenzytoxycartx>ny^ in 2 ml of 

anhydrous acetonitrfle was added to the react! n mixture, and the resulting mixture was stirred overnight at 
room temperature and then at 40°C for 1 hour. At the end of this tim , 14 ml of 1N aqueous hydrochloric acid 
were added, and the reaction mixture was stirred at room temperature for 1 hour. It was then mad basic by 
the addition of an aqueous solution of sodium hydrogencarbonate, after which It was extracted with ethyl ace- 
tate. The ethyl acetate layer was washed with water, dried over anhydrous magnesium sulphate and freed from 
the solvent by distillation under reduced pressure. The resulting residue was subjected to column 
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chromatography through silica gel using a 9 : 1 by volume mixture of ethyl acetate and methanol as the eluent 
Those fractions containing the title compound were collected and concentrated by evaporation under reduced 
s pressure, to afford 589 mg of the title compound as a powder. The infra-red absorption spectrum and nuclear 
magnetic resonance spectrum of the product thus obtained were identical with those of the compound prepared 
as described in step (a), above. 

15(c) 

10 

674 mg of trans- 1-(4^itrobenzyloxycarbonyl)^trimethylsnyloxy-L-proline [prepared as described in step 
(2) above] were dissolved in 14 ml of anhydrous acetonitriie, and 343 mg of N,N'-carbonyldiimidazole were - 
added to the resulting solution. The resulting mixture was then stirred at room temperature for 1 hour. At th 
end of this time, a solution of 275 mg of 1-(2-hydroxyethyl)piperazine in 1 ml of anhydrous acetonitrie was 

is added to the reaction mixture, and the resulting mixture was stirred overnight at room temperature. It was then 
concentrated by evaporation under reduced pressure, and the resulting residue was mixed with an aqueous 
solution of sodium chloride and extracted with ethyl acetate. The extract was washed with water and dried over 
anhydrous magnesium sulphate. The solvent was removed by distillation under reduced pressure, to give 574 
mg of (2S, 4R)-2K4K2^ydroxyethylM^iperazinylc^^ 

20 bonyl)pyrrolidine as an oil. The whole of this product was dissolved In 5. 7 ml of methylene chloride, and 170 
mg of 4-dimethytaminopyridine and 300 mg of 4-nitro benzyl chloroformate were added to the resulting solution, 
whilst ice-cooling. The mixture was then stirred at room temperature for 1 hour, after which the solvent was 
removed by distillation under reduced pressure. The resulting residue was mixed with 15 ml of 1N aqueous 
hydrochloric acid and then stirred at room temperature for 1 hour. At the end of this time, the mixture was made 

25 mildly basic by the addition of an aqueous solution of sodium hydrogen- carbonate; it was then extracted with 
ethyl acetate. The extract was washed with water and dried over anhydrous magnesium sulphate; the solvent 
was then removed by distillation under reduced pressure, and the resulting residue was purified in a similar 
manner to that described in step (b) above, to afford 348 mg of the title compound. The infra-red absorption 
spectrum and nuclear magnetic resonance spectrum of the product thus obtained were identical with those of 

30 the compound prepared as described in step (a), above. 

PREPARATION 16 
(2S, 

35 4S)-4-Acetylthio-2-{4^2K4-nitroben^ 
yQpyrrolidine 

This Preparation illustrates two different ways of producing the same title compound. 
40 16(a) (2S, 

4S)-4-Acetylth io-2"[4H[2-(4-nitrobenzyioxycarbonyl)oxyethyl}-1 -piperazinylcarbonylH -(4-nltrobenzyioxycarbon 
yQpyrrolidine 

105 g of (2S, 4R)-4-hydroxy-2K4-[2-(4-nitrobenzyloxycarbonyl)oxyethyl]-1-p 
45 robenzyloxycarbonyQpyrrolidine (prepared as described in Preparation 1 5) and 55 g of triphenytphosphlne were 
dissolved in 700 ml of tetrahydrofuran, and a solution of 36. 5 g of diethyl azodlcarboxytate in 100 ml of tet- 
rahydrofuran was added dropwise to it whilst ice-cooling. The resulting mixture was then stirred at the same 
temperature for 10 minutes. At the end of this time, a solution of 15. 9 g of mercaptoacetic acid in 100 ml of 
tetrahydrofuran was added dropwise to the mixture, and the resulting mixture was stirred at room temperature 
so for 1 hour., The mixture was then concentrated by evaporation under reduced pressure. The concentrate was 
dissolved in 1 . 5 liters of ethyl acetate and washed with water and with an aqueous solution of sodium chloride, 
in that order. The organic layer was dried over anhydrous sodium sulphate and then concentrated by evapor- 
ation under reduced pressure. The resulting residue was mixed with 400 ml of diisopropyi other and a soluble 
material was removed. This procedure was repeated four times In aD. The residue was subjected to column 
55 chromatography through 3 kg of silica gel using mixtures of ethyl acetate and methanol ranging from 1 : 0 to 
20 : 1 by volume as the eluent Those fractions containing the title compound were collected and concentrated 
by evaporation under reduced pressure, to afford 88. 4 g of the tide compound as a colourless powder. 
Infrared Absorption Spectrum (KBr), crrr 1 : 
Nuclear Magnetic Resonance Spectrum (CDCf 3, 270 MHz), 6 ppm: 
1.82-1.93(1H, multiplet); 
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2. 34 (3H, singlet); 

2. 35 - 2. 82 (7H, multiplet); 
5 3. 37 - 3. 70 (5H. multiplet); 

3. 91-4. 05 (1H, multiplet); 

4. 07-4. 17 (1H. multiplet); 
4. 23-4. 36 <2H, multiplet); 
4.64 - 4. 77(1 H, multiplet); 

10 5. 02 - 5. 35 (4H, multiplet); 

7. 43 - 7. 57 (4H, multiplet); 
8.18-8. 26 (4H, multiplet). 

16(b1)(2S, 

15 4R)^Methanesulphony)oxy-2^4-[2-(4-nitro^ 
ytoxycarbonyl) pyrrolidine 

89 \it of triethylamine and 50 p( of me thanes ulphonyl chloride were added to a solution of 321 mg of (2S, 
4R)-44iydroxy-2-{442~(4-nitrober^ 
20 nyfypyrrolidine In 3. 2 ml of anhydrous tetrahydrofuran, whilst Ice-cooling, and the resulting mixture was stirred 
at 0 to 5°C for 30 minutes and then at room temperature for 1 hour. The reaction mixture was then concentrated 
by evaporation under reduced pressure, and the residue was mixed with an aqueous solution of sodium hyd- 
rogencarbonate and then extracted with ethyl acetate. The extract was washed with an aqueous solution of 
sodium chloride and dried over anhydrous magnesium sulphate; the solvent was then removed by distillation 
25 under reduced pressure, to afford 345 mg of the title compound as a powder. 
Infrared Absorption Spectrum (KBr), vmax cm-1: 

1751, 1710, 1654, 1607, 1523, 1436, 1406. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 
2.22-3. 01 (8H, multiplet); 
30 3. 06 (3H. singlet); 

3. 40 - 4. 03 (6H, multiplet); 

4. 25 - 4. 47 (2H, multiplet); 

4. 84 and 4. 89 (together 1H, two triplets, J = 7. 33 Hz); 

5. 04 - 5. 37 (5H, multiplet); 

35 7. 46 and 7. 50 (together 2H, two doublets, J = 8. 79 Hz); 

7. 56 (2H, doublet, J = 8. 79 Hz); 

8. 19 - 8. 26 (4H, multiplet). 

16(b2) (2S, 

40 4S)^Acetylthio-2^442-(4-nitrobenzyloxyc 
yQpyrrolidine 

51 \it of thioacetic acid were added to a suspension of 26 mg of sodium hydride (as a 55% w/w dispersion 
in mineral oil) in 1. 4 ml of anhydrous dimethylformamide, whilst ice-cooling, and the resulting mixture was stir- 

45 red at room temperature for 30 minutes. At the end of this time, a solution of 340 mg of (2S, 4R)-4-methanesul- 
phonyloxy-2-{4-I2-{4-nitrobenzyloxycarbonyl)oxyethyll-1 -piperazinylcarbonyl}-1-(4-nitrobenzyloxycarb nyi)p 
yrrolldine [prepared as described in step (b1) above] in 2 ml of anhydrous dlmethylforrnarnlde was added to 
the mixture, and the resulting mixture was stirred at 80 - 90°C for 4 hours, after which the reaction mixture was 
allowed to cool to room temperature. The reaction mixture was then poured Into an aqueous solution of sodium 

50 chloride and extracted with ethyl acetate. The extract was washed with water, dried over anhydrous magnesium 
sulphate and freed from the solvent by distillation under reduced pressure. The residue was purified in a similar 
manner to that described In step (a), above, to afford the title compound (166 mg). The Infra-red absorption 
spectrum and nuclear magnetic resonance spectrum of the product thus obtained were identical with those of 
-the compound obtained as described in step (a), above. 

55 
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PREPARATION 17 
(2S, 

4S)^4-Methoxybenzylthio)-2-{4-[2-(4-ni^ 
obenzytoxycarbonyl)pyrrolidine 

860 mg of (2S, 4S)-4-(4-methoxybenzyimioH^^ acid 
[prepared as described in Preparation 1(b)] were dissolved in 8 ml of anhydrous aceton'rtrfle, and 410 mg f 
N,N'-carbonyidiimidazole were added to the resulting solution. The resulting mixture was then stirred at room 
temperature for 30 minutes, after which a solution of 1250 mg of 4-{2-{4-nitrobenzyloxycarbonyi)oxyethy0-ho- 
mopiperazine bls(trifluoroacetate) in 5 ml of acetonitrile and 860 uf of dHsopropylethyiamine were added, in 
that order. The resulting mixture was then stirred at room temperature for 35 hours. At the end of this time, the 
reaction mixture was diluted with 100 ml of ethyl acetate and washed with an aqueous solution of sodium hyd- 
rogencarbonate and with an aqueous solution of sodium chloride, in that order. The organic layer was then dried 
over anhydrous sodium sulphate and concentrated by evaporation under reduced pressure. The residue was 
subjected to column chromatography through silica gel using mixtures of ethyl acetate and methanol ranging 
from 98 : 2 to 95 : 5 by volume as the eluent Those fractions containing the title compound were collected and 
concentrated by evaporation under reduced pressure, to afford 900 mg of the title compound. 
Infrared Absorption Spectrum (KBr), cnr 1 : 
1748, 1709, 1650, 1608, 1521, 1347, 1254. 
Nuclear Magnetic Resonance Spectrum (CDCf 3 , 270 MHz), 6 ppm: 
1.71-1. 89 (2H. muitiplet); 
2. 42 - 2. 86 (7H, muitiplet); 
3. 01-3. 13 (1H, muitiplet); 
3. 32 - 3. 88 (8H, multipiet); 
3. 72 (2H, singlet); 

3. 78 and 3. 80 (together 3H. two singlets); 
4.01 -4. 27 (3H, multipiet); 
4. 51 - 4. 61 (1 H, multipiet); 
5. 00 - 5. 33 (4H. muitiplet): 
6. 84 (2H, doublet J = 8. 3 Hz); 
7. 23 (2H, doublet, J = 8. 3 Hz); 
7. 41 - 7. 56 (4H, muitiplet); 
8. 16-8. 24 (4H, multipiet). 

PREPARATION 18 

40 (2S, 

4S)-2-[4-(2-Cart)amoytoxyethyl)-1-homo 

onyQpynolldine 

and 

45 (2S, 

4S)-2-(4-CafftarTK>ytmethyM^ 
-pyrrolidine 

A procedure similar to that described in Preparation 17 was repeated, except that 4-(2-cart>amoyloxyethyl)- 
50 homopiperazine bis(trifluoroacetate) and 4-carbamoylmethyihomopiperazJne bis(trifluoroacetate) were used 
instead of 4^-(4Hiitrobenzyloxycart>onyl)oxyethytl-homopiperazine bis(trifluoroacetate). to give the title com- 
pounds. 

55 Claims 

1. Compounds of formula (I): 
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OH R 1 O Q 

I I II / 

CH H CH SA-C-N 

/ \ 1/ \ / \ 0 

H3C CH-C C R 2 (I) 

I I II 
C N C 

o' ^COOR 3 



in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R 4 , in which: 

R 4 represents: a hydrogen atom; an alkenyl group having from 2 to 5 carbon atoms; an alkynyi group 
having from 2 to 5 carbon atoms; an alky! group having from 1 to 6 carbon atoms; a substituted alkyl group 
which has from 1 to 6 carbon atoms and which is substituted by at least one of substituents (a), defined 
below; or a group of formula -C(=NH)R* in which R« represents a hydrogen atom or an alkyl group having 
from 1 to 6 carbon atoms; 

R 1 represents a hydrogen atom or a methyl group; 

R 2 represents a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms; 
R3 represents a hydrogen atom or a negative ionic charge; 
Q represents: 

(i) a group of formula -B- N*R 8 R 9 R 10 in which: R», R» and R 10 are the same or different and each rep- 
resents an alkenyl group having from 2 to 5 carbon atoms, an alkynyi group having from 2 to 5 carbon 
atoms, an alkyl group having from 1 to 6 carbon atoms or a substituted alkyl group which has from 1 
to 6 carbon atoms and which is substituted by at least one of substituents (b). defined below; and B 
represents an alkytene or alkylidene group having from 1 to 4 carbon atoms; 

(ii) a heterocyclic grou p having from 4 to 1 0 ring atoms in a single or bridged ring, one of said ring atoms 
being a quaternary nitrogen atom of formula >N + R 11 R 12 , in which: 

R11 and R 12 are the same or different and each represents an alkenyl groups having from 2 to 5 
carbon atoms, an alkynyi group having from 2 to 5 carbon atoms, an alkyl group having from 1 to 6 car- 
bon atoms or a substituted alkyl group which has from 1 to 6 carbon atoms and which is substituted by 
at least one of substituents (b), defined below; 

and 0, 1 or 2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remain- 
der being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by 
at least one of substituents (c), defined below; 

(iil) an alkyl group having from 1 to 6 carbon atoms and substituted by a heterocyclic group as defined 
in (ii) above; or 

(iv) an alkyl group having from 1 to 6 carbon atoms and substituted by an aromatic heterocyclic group 
having from 5 to 8 ring atoms, one of said ring atoms being a quaternary nitrogen atom of formula 

V-Rll 
/ 

in which R" is as defined above, and 0, 1 or 2 of said ring atoms being an additional nitrogen and/or 
oxygen and/or sulphur hetero-atom; 

or 

R2 and Q. together with the nitrogen atom to which they are attached, represent a group of formula 

(II): 



(II) 



(CH 2 ) m R 
N ' X 7 

(CH 2 ) n R 7 
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in which: 

m and n are ach 1, 2 r3; 

s R 6 r presents an alkyi group having from 1 to 6 carbon atoms or a substituted alkyi group which 

has from 1 to 6 carbon atoms and which is substituted by at least one of substituents (a), defined below; 

R 7 represents an alkenyl group having from 2 to 5 carbon atoms, an alkynyl group having from 2 to 
5 carbon atoms, an alkyi group having from 1 to 6 carbon atoms or a substituted alkyi group which has 
from 1 to 6 carbon atoms and which is substituted by at least one of substituents (b), defined below; 

10 and the carbon atoms of said group of formula (II) are unsubstituted or they are substituted by at least one 

substituent selected from alkyi groups having from 1 to 6 carbon atoms and oxygen atoms; 
substituents (a): 

hydroxy groups, carboxy groups, cyano groups, sulphamoyl groups, sulpho groups, halogen atoms, and 
groups of formula -NR«R b or -CONR«R b where R« and R b are the same or different and each represents 
is a hydrogen atom or an alkyi group having from 1 to 4 carbon atoms; 

substituents (b): 

hydroxy groups; carboxy groups; groups of formula -NR»R b , where R« and R b are as defined above; groups 
of formula -CONR c R d or -OCONR c R d , where R c and R d are the same or different and each represents a 
hydrogen atom, an alkyi group having from 1 to 4 carbon atoms or a substituted alkyi group which has from 

20 1 to 4 carbon atoms and which is substituted by at least one of substituents (d) defined below; cyano groups; 

sulphamoyl groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 4 carbon 
atoms; alkoxycarbonyl groups having from 2 to 5 carbon atoms; aikanoyi groups having from 1 to 4 carbon 
atoms; alkanoylamino groups having from 1 to 4 carbon atoms; alkanoyloxy groups having from 1 to 4 car- 
bon atoms; alkylthio groups having from 1 to 4 carbon atoms; alkyisulphinyl groups having from 1 to 4 car- 

25 bon atoms and aikylsulphonyl groups having from 1 to 4 carbon atoms; 

substituents (c): 

hydroxy groups, groups of formula -CONR«R b , where R« and R b are as defined above, alkyi groups having 
from 1 to 4 carbon atoms and halogen atoms; 
substituents (d): 

30 hydroxy groups, carboxy groups and groups of formula -CONR*R b or -OCONR*R b , where R* and R b are 

as defined above; 

and salts thereof and, where R 3 represents a hydrogen atom, esters of said compound, provided that, where 
R 3 represents a hydrogen atom or an ester, the compound also Includes an anion. 

A compound according to Claim 1, in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R 4 . in which: 

R 4 represents: a hydrogen atom; an alkenyl group having 3 or 4 carbon atoms; an alkynyl group hav- 
ing 3 or 4 carbon atoms; an alkyi group having from 1 to 4 carbon atoms; a substituted alkyi group which 
has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined below; 
or a group of formula -C<=NH)R 5 . in which R 5 represents a hydrogen atom or an alkyi group having from 
1 to 4 carbon atoms; 
substituents (a! ): 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyl groups, sulpho groups, 
halogen atoms, and groups of formula -NR* R v f where R* and R* are the same or different and each rep- 
resents a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms. 

3. A compound according to Claim 1 or Claim 2, in which R 2 represents a hydrogen atom or an alkyi group 
so having from 1 to 4 carbon atoms. 

4. A compound according to Claim 1 or Claim 2, In which R 2 and Q f together with the nitrogen atom to which 
they are attached represent a group of formula (II), as defined in Claim 1, in which: 

m and n are each 1, 2 or 3; 

55 R* represents an alkyi group having from 1 to 4 carbon atoms or a substituted alkyl group which 

has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined below; 
and 

R7 represents: an alkenyl group having 3 or 4 carbon atoms; an alkynyl group having 3 or 4 carbon 
atoms; an alkyl group having from 1 to 4 carbon atoms; or a substituted alkyl group which has from 1 to 4 
carbon atoms and which is substituted by at least ne of substituents (b*), defined below; 
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and the carbon atoms of said group of formula (II) ar unsubstituted or they are substituted by at least one 
substituent selected from alkyi groups having from 1 to 4 carbon atoms and oxygen atoms; 
substituents (aj ): 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyl groups, sulpho groups, 
halogen atoms, and groups of formula -NR*W , where R* and R* are the same or different and each rep- 
resents a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms; 
substituents (bQ : 

hydroxy groups; carboxy groups; groups of formula -NR a R b , where R" and R b are as defined in Claim 1; 
groups of formula -CONR*^* or -OCONR^R**", where R* and R* are the same or different and each rep- 
resents a hydrogen atom, an alkyi group having from 1 to 3 carbon atoms or a substituted alkyi group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (d 1 ) defined below; 
and R 0 " and R<*" are the same or different and each represents a hydrogen atom or an alkyi group having 
from 1 to 3 carbon atoms; cyano groups; sulphamoyt groups; ureido groups; sulpho groups; halogen atoms^ 
alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; 
alkanoyi groups having from 1 to 3 carbon atoms; alkanoytamino groups having from 1 to 3 carbon atoms; 
alkanoyloxy groups having from 1 to 3 carbon atoms; alkyi thio groups having from 1 to 3 carbon atoms; 
alkylsulphinyl groups having from 1 to 3 carbon atoms and aJkyisuIphonyf groups having from 1 to 3 carbon 
atoms; and 
substituents (dQ : 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyl oxy groups. 

A compound according to any one of Claims 1 to 3, in which Q represents a group of formula -B-N+RWR 10 , 
in which: R* R° and R 10 are the same or different and each represents an alkenyl group having 3 or 4 
carbon atoms, an alkynyl group having 3 or 4 carbon atoms, an alkyi group having from 1 to 4 carbon atoms 
or a substituted alkyi group which has from 1 to 4 carbon atoms and which is substituted by at least one 
of substituents (b 1 ), defined below; and B represents an alkylene or alkylidene group having from 1 to 4 
carbon atoms; 
substituents (bQ : 

hydroxy groups; carboxy groups; groups of formula -NR*R b , where R" and R b are as defined in Claim 1; 
groups of formula -CONR^R* or -OCONR^R**, where R* and R* are the same or different and each rep- 
resents a hydrogen atom, an alkyi group having from 1 to 3 carbon atoms or a substituted alkyi group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (d 1 ) defined below, 
and R*" and R*" are the same or different and each represents a hydrogen atom or an alkyi group having 
from 1 to 3 carbon atoms; cyano groups; sulphamoyl groups; ureido groups; sulpho groups; halogen atoms; 
alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; 
alkanoyi groups having from 1 to 3 carbon atoms; alkanoytamino groups having from 1 to 3 carbon atoms; 
alkanoyloxy groups having from 1 to 3 carbon atoms; alkyithlo groups having from 1 to 3 carbon atoms; 
alkylsulphinyl groups having from 1 to 3 carbon atoms and aikylsulphony! groups having from 1 to 3 carbon 
atoms; and 
substituents (dQ : 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyl oxy groups. 

A compound according to any one of Claims 1 to 3, in which Q represents a non-aromatic heterocyclic group 
having from 4 to 10 ring atoms in-a single or bridged ring, one of said ring atoms being a quaternary nitrogen 
atom of formula >N*R 11 R«. in which: 

rii and R 12 are the same or different and each represents an alkenyl group having 3 or 4 carbon 
atoms; an alkynyl group having 3 or 4 carbon atoms; an alkyi group having from 1 to 4 carbon atoms; or 
a substituted alkyi group which has from 1 to 4 carbon atoms and which is substituted by at least one of 
substituents (b 1 ). defined below; 

and 0, 1 or 2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remainder 
being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by at least 
one of substitu nts (c*), defined below, 
substituents (bQ : 

hydroxy groups; carboxy groups; groups of formula -NR*R b where R" and R b are as defined in Claim 1; 
groups of formula -CONR^R* or -OCONR^R*", where R* and R* are the same or different and each rep- 
resents a hydrogen atom, an alkyi group having from 1 to 3 carbon atoms or a substituted alkyi group which 
has from 1 to 3 carbon atoms and which is substituted by at least ne of substituents (6 s ) defined below, 
and R^ and R** are the same or different and each repres nts a hydrogen atom or an alkyi group having 
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from 1 to 3 carbon atoms; cyan groups; sulphamoyi groups; ureido groups; sufpho groups; halogen atoms; 
alkoxy groups having from 1 to 3 carbon atoms; afkoxycarbonyf groups having from 2 to 4 carbon atoms; 
alkanoyt groups having from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; 
aikanoyloxy groups having from 1 to 3 carbon atoms; alkytthio groups having from 1 to 3 carbon atoms; 
alkyisulphinyl groups having from 1 to 3 carbon atoms and aikyisulphonyl groups having from 1 to 3 carbon 
atoms; 

substituents (cj ): 

hydroxy groups, carbamoyl groups, alkyl groups having from 1 to 3 carbon atoms and halogen atoms; and 
substituents (dj ): 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyloxy groups. 

A compound according to any one of Claims 1 to 3 t In which Q represents an alkyl group having from 1 to 
4 carbon atoms and substituted by a non-aromatic heterocyclic group having from 4 to 10 ring atoms in a 
single or bridged ring, one of said ring atoms being a quaternary nitrogen atom of formula >N+R 11 R t2 , in 
which: 

R 11 and R 12 are the same or different and each represents: an alkenyl group having 3 or 4 carbon 
atoms; an alkynyl group having 3 or 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms; or 
a substituted alkyl group which has from 1 to 4 carbon atoms and which is substituted by at least one f 
substituents (b>), defined below; 

and 0, 1 or 2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms. the remainder 
being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by at least 
one of substituents (d), defined below; 
substituents (b! ): 

hydroxy groups; carboxy groups; groups of formula -NR*R b , where R* and R b are as defined in Claim 1; 
groups of formula -CONR* R* or -OCONR^R* 1 ', where R* and R d ' are the same or different and each rep- 
resents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (d 1 ) defined below, 
and R°* and R<*" are the same or different and each represents a hydrogen atom or an alkyl group having 
from 1 to 3 carbon atoms; cyano groups; sulphamoyi groups; ureido groups; sulpho groups; halogen atoms; 
alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; 
atkanoyl groups having from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; 
aikanoyloxy groups having from 1 to 3 carbon atoms; alkytthio groups having from 1 to 3 carbon atoms; 
alkyisulphinyl groups having from 1 to 3 carbon atoms and aikyisulphonyl groups having from 1 to 3 carbon 
atoms; 

substituents (cj ): 

hydroxy groups, carbamoyl groups, alkyl groups having from 1 to 3 carbon atoms and halogen atoms; and 
substituents (dl ): 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyloxy groups. 

A compound according to any one of Claims 1 to 3, in which Q represents an alkyl group having from 1 to 
4 carbon atoms and substituted by an aromatic heterocyclic group having from 5 to 7 ring atoms, one of 
said ring atoms being a quaternary nitrogen atom of formula 



N+-RH 

/ 

in which R 1 1 represents: an alkenyl group having 3 or 4 carbon atoms; an alkynyl group having 3 or 4 carbon 

atoms; an alkyl group having from 1 to 4 carbon atoms; or a substituted alkyl group wMch has from 1 to 4 

carbon atoms and which is substituted by at least one of substituents (b 1 ), defined below; 

and 0, 1 or 2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remainder 

being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by at least 

one of substituents (d), defined below; 

substituents (bj ): 

hydroxy groups; carboxy groups; groups of formula -NR*R* where R* and R b are as defined in Claim 1; 
groups of formula -CONR* R* or -OCONRo'W, "where R* and R? are the same or different and each rep- 
resents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms or a substituted alkyl group which 
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has from 1 to 3 carbon atoms and which Is substituted by at least ne of substttuents (d 1 ) defined below, 
and Rf and R** are the same r different and ach represents a hydrogen atom or an alkyi group having 
from 1 to 3 carbon atoms; cyano groups; sulphamoyi groups; urefdo groups; suipho groups; halogen atoms; 
alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; 
alkanoyl groups having from 1 to 3 carbon atoms; atkanoyiamino groups having from 1 to 3 carbon atoms; 
aikanoyloxy groups having from 1 to 3 carbon atoms; alkylthlo groups having from 1 to 3 carbon atoms; 
alkylsulphinyl groups having from 1 to 3 carbon atoms and aJkylsulphonyi groups having from 1 to 3 carbon 
atoms; 

substttuents (cQ : 

hydroxy groups, carbamoyl groups, alkyl groups having from 1 to 3 carbon atoms and halogen atoms; and 
substttuents (d! ): 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoytoxy groups. 

9. A compound according to Claim 1, in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R\ In which: 

R4 represents: a hydrogen atom; an alkenyl group having 3 or 4 carbon atoms; an alkynyl group hav- 
ing 3 or 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms; a substituted alkyl group which 
has from 1 to 4 carbon atoms and which is substituted by at least one of substttuents (a 1 ), defined below; 
or a group of formula -C(=NH)R 5 . in which R 5 represents a hydrogen atom or an alkyl group having from 
1 to 4 carbon atoms; 

R 2 represents a hydrogen atom or an aikyl group having from 1 to 4 carbon atoms; 

Q represents a group of formula -B-lsr*R 8 R 9 R 10 In which: R«, R 9 and R 10 are the same or different 
and each represents an alkenyl group having 3 or 4 carbon atoms, an alkynyl group having 3 or 4 carbon 
atoms, an alkyl group having from 1 to 4 carbon atoms or a substituted alkyl group which has from 1 to 6 
carbon atoms and which is substituted by at least one of substttuents (V). defined below; and B represents 
an alkylene or alkylidene group having from 1 to 4 carbon atoms; 
substttuents (aQ : 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyi groups, suipho groups, 
halogen atoms, and groups of formula -NRW , where R* and R* are the same or different and each rep- 
resents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; 
substttuents (bj ): 

hydroxy groups; carboxy groups; groups of formula -NR«R b , where R* and R b are as defined in Claim 1; 
groups of formula -CONRc'R* or -OCONR^R*", where R* and R* are the same or different and each rep- 
resents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substttuents (d 1 ) defined below, 
and R** and R^ are the same or different and each represents a hydrogen atom or an alkyl group having 
from 1 to 3 carbon atoms; cyano groups; sulphamoyi groups; ureido groups; suipho groups; halogen atoms; 
alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; 
alkanoyl groups having from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; 
aikanoyloxy groups having from 1 to 3 carbon atoms; alkytthio groups having from 1 to 3 carbon atoms; 
alkylsulphinyl groups having from 1 to 3 carbon atoms and aJkylsulphonyi groups having from 1 to 3 carbon 
atoms; and 
substttuents (dQ : 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyioxy groups. 

10. A compound according to Claim 1, in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R*, In which: 

R* represents: a hydrogen atom; an alkenyl group having 3 or 4 carbon atoms; an alkynyl group hav- 
ing 3 or 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms; a substituted alkyl group which 
has from 1 to 4 carbon atoms and which Is substituted by at least one of substttuents (a 1 ), defined below; 
or a group of formula -C(«=NH)R 5 , in which R s represents a hydrogen atom or an alkyl group having from 
1 to 4 carbon atoms; 

R* represents a hydrogen atom r an alkyl group having from 1 to 4 carbon atoms; 

Q represents a non-aromatic heterocyclic group having from 4 to 10 ring atoms in a single or bridged 
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ring, one of said ring atoms being a quaternary nitrogen atom of formula >N*R 11 R 12 f in which: 

R 11 and R 12 are the same or different and each represents an aJkenyf group having 3 or 4 carbon 
5 atoms; an alkynyl group having 3 or 4 carbon atoms; an aikyi group having from 1 to 4 carbon atoms; or 

a substituted alkyi group which has from 1 to 4 carbon atoms and which is substituted by at least one of 
substituents (b 1 ), defined below; 

and 0, 1 or 2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remainder 
being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by at least 
10 one of substituents (d), defined below; 

substituents (a!): 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyl groups, sulpho groups, 
halogen atoms, and groups of formula -NR«K br , where R* and R b ' are the same or different and each rep- 
resents a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms; 

is substituents (bj ): 

hydroxy groups; carboxy groups; groups of formula -NR»R b , where R a and R b are as defined in Claim 1; 
groups of formula -CONR^R* or -OCONR^R*", where R* and R* are the same or different and each rep- 
resents a hydrogen atom, an alkyi group having from 1 to 3 carbon atoms or a substituted aikyi group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (d 1 ) defined below, 

20 and R 6 " and R<*" are the same or different and each represents a hydrogen atom or an alkyi group having 

from 1 to 3 carbon atoms; cyano groups; sulphamoyl groups; ureido groups; sulpho groups; halogen atoms; 
alkoxy groups having from 1 to 3 carbon atoms; aikoxycarbonyt groups having from 2 to 4 carbon atoms; 
atkanoyl groups having from 1 to 3 carbon atoms; atkanoyiamino groups having from 1 to 3 carbon atoms; 
alkanoytoxy groups having from 1 to 3 carbon atoms; alkyithio groups having from 1 to 3 carbon atoms; 

25 alkytsulphinyl groups having from 1 to 3 carbon atoms and alkylsul phony! groups having from 1 to 3 carbon 

atoms; 

substituents (cQ : 

hydroxy groups, carbamoyl groups, alkyi groups having from 1 to 3 carbon atoms and halogen atoms; and 
substituents (dl ): 

30 hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyioxy groups. 

11. A compound according to Claim 1, in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrog n 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group r 
35 atom R 4 , in which: 

R 4 represents: a hydrogen atom; an alkenyl group having 3 or 4 carbon atoms; an alkynyl group hav- 
ing 3 or 4 carbon atoms; an alkyi group having from 1 to 4 carbon atoms; a substituted alkyi group which 
has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined below; 
or a group of formula -C(=NH)R S , in which R s represents a hydrogen atom or an alkyi group having from 
40 1 to 4 carbon atoms; 

R 2 represents a hydrogen atom or an atkyi group having from 1 to 4 carbon atoms; 
Q represents an alkyi group having from 1 to 4 carbon atoms and substituted by a non-aromatic 
heterocyclic group having from 4 to 10 ring atoms in a single or bridged ring, one of said ring atoms being 
a quaternary nitrogen atom of formula >N + R 11 R 12 , in which: 
45 R 11 and R 1Z are the same or different and each represents an alkenyl group having 3 or 4 carbon 

atoms; an alkynyl group having 3 or 4 carbon atoms; an alkyi group having from 1 to 4 carbon atoms; or 
a substituted alkyi group which has from 1 to 4 carbon atoms and which is substituted by at least one of 
substituents (b 1 ), defined below; 

and 0, 1 or 2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remaind r 
so being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substftuted by at least 

one of substituents {d) t defined below; 
substituents (ap : 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyl gtpups. sulpho groups, 
halogen atoms, and groups of formula -NR r R* , where R* and R* are the same or different and each 
55 represents a hydrogen atom or an alky! group having from 1 to 3 carbon atoms; 

substituents (bj): 

hydroxy groups; carboxy groups; groups of formula -NR*R* where R* and R b are as defined in Claim 1; 
groups of formula -CONR* R* or -OCONR^R*", where R* and R? are the same or different and each rep- 
resents a hydrogen atom, an alkyi group having from 1 to 3 carbon atoms or a substituted alkyi group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (d 1 ) defined below, 
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and Rcr and R<r are the same or different and each represents a hydrogen atom or an aikyi group having 
from 1 to 3 cart n atoms; cyano groups; sulphamoyl groups; ureldo groups; sutpho groups; halogen atoms; 
alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; 
alkanoyl groups having from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; 
aikanoytoxy groups having from 1 to 3 carbon atoms; alkyithio groups having from 1 to 3 carbon atoms; 
alkyisulphiny! groups having from 1 to 3 carbon atoms and alkylsulphonyi groups having from 1 to 3 carbon 
atoms; 

substituents (cj ): 

hydroxy groups, carbamoyl groups, aikyi groups having from 1 to 3 carbon atoms and halogen atoms; and 
substituents (dj ): 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyioxy groups. ■_•=::: r=r--- 

12. A compound according to Claim 1 t in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R 4 , in which: 

R 4 represents: a hydrogen atom; an aikenyl group having 3 or 4 carbon atoms; an aikynyl group hav- 
ing 3 or 4 carbon atoms; an aikyi group having from 1 to 4 carbon atoms; a substituted alkyt group which 
has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined below; 
or a group of formula -C(=NH)R S , in which R s represents a hydrogen atom or an aikyi group having from 
1 to 4 carbon atoms; 

R 2 represents a hydrogen atom or an alkyt group having from 1 to 4 carbon atoms; 

Q represents an aikyi group having from 1 to 4 carbon atoms and substituted by an aromatic 
heterocyclic group having from 5 to 7 ring atoms, one of said ring atoms being a quaternary nitrogen atom 
of formula 

V-Rll 
/ 

In which R 11 represents: an aikenyl group having 3 or 4 carbon atoms; an aikynyl group having 3 or 4 carbon 

atoms; an aikyi group having from 1 to 4 carbon atoms; or a substituted alky! group which has from 1 to 4 

carbon atoms or which is substituted by at least one of substituents (b 1 ), defined below; 

and 0, t or 2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remaind r 

being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by at least 

one of substituents (d), defined below; 

substituents (a! ): 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyl groups, sulpho groups, 
halogen atoms, and groups of formula -NR^R" , where R«' and R b ' are the same or different and each rep- 
resents a hydrogen atom or an aikyi group having from 1 to 3 carbon atoms; 
substituents (bQ : 

hydroxy groups; carboxy groups; groups of formula -NR a R b , where R* and R b are as defined in Claim 1; 
groups of formula -CONR^R* or -OCONRfR*", where R* and R* are the same or different and each rep- 
resents a hydrogen atom, an aikyi group having from 1 to 3 carbon atoms or a substituted aikyi group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (d 1 ) defined below, 
and R^ and R«* are the same or different and each represents a hydrogen atom or an aikyi group having 
from 1 to 3 carbon atoms; cyano groups; sulphamoyl groups; ureldo groups; sulpho groups; halogen atoms; 
alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; 
alkanoyl groups having from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; 
aikanoytoxy groups having from 1 to 3 carbon atoms; alkyithio groups having from 1 to 3 carbon atoms; 
alkylsulphinyl groups having from 1 to 3 carbon atoms; and alkylsulphonyi groups having from 1 to 3 carbon 
atoms; 

substituents (cQ : 

hydroxy groups, carbamoyl groups, alky! groups having from 1 to 3 carbon atoms and halogen atoms; and 
substituents (dQ : 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyioxy groups. 

13. A compound according to Claim 1, in which: 
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A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
5 atom R 4 , in which: 

R 4 represents: a hydrogen atom; an alkenyi group having 3 or 4 carbon atoms; an alkynyl group hav- 
ing 3 or 4 carbon atoms; an alkyf group having from 1 to 4 carbon atoms; a substituted aikyt group which 
has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined below; 
or a group of formula -C(=NH)R 5 . in which R 5 represents a hydrogen atom or an alkyl group having from 
w 1 to 4 carbon atoms; 

R 2 and Q, together with the nitrogen atom to which they are attached represent a group of formula 
(II), as defined in Claim 1, in which: 

m and n are each 1, 2 or 3; 

R« represents: an alkyl group having from 1 to 4 carbon atoms; or a substituted alkyl group which 
15 has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined below; 

and 

R 7 represents: an alkenyi group having 3 or 4 carbon atoms; an alkynyl group having 3 or 4 carbon 
atoms; an alkyl group having from 1 to 4 carbon atoms; or a substituted alkyl group which has from 1 to 4 
carbon atoms and which is substituted by at least one of substituents (b 1 ), defined below; 
20 and the carbon atoms of said group of formula (II) are unsubstituted or they are substituted by at least one 

substituent selected from alkyl groups having from 1 to 4 carbon atoms and oxygen atoms; 
substituents (aQ : 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyl groups, sulpho groups, 
halogen atoms, and groups of formula -NR^'R* , where R* and R* are the same or different and each rep- 
25 resents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; 

substituents (bQ : 

hydroxy groups; carboxy groups; groups of formula -NR»R b , where R» and R b are as defined in Claim 1; 
groups of formula -CONR^R* or -OCONR^R**", where R* and R* are the same or different and each rep- 
resents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms or a substituted alkyl group which 

30 has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (d*) defined b low, 

and R^ and R*** are the same or different and each represents a hydrogen atom or an alkyl group having 
from 1 to 3 carbon atoms; cyano groups; sulphamoyl groups; ureido groups; sulpho groups; halogen atoms; 
alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; 
alkanoyl groups having from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; 

35 alkanoyloxy groups having from 1 to 3 carbon atoms; alkytthio groups having from 1 to 3 carbon atoms; 

atkylsuiphinyl groups having from 1 to 3 carbon atoms and alkylsulphonyl groups having from 1 to 3 carbon 
atoms; and 
substituents (dj): 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyloxy groups. 

40 

14. A compound according to Claim 1, in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrog n 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R 4 , in which: 

4$ R 4 represents: a hydrogen atom; an alkyl group having from 1 to 4 carbon atoms; a substituted alkyl 

group which has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 0 ), 
defined below; or a group of formula -C(=NH)R S , in which R 6 represents a hydrogen atom or an alkyl group 
having from 1 to 4 carbon atoms; 
substituents (a! ): 

50 hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, halogen atoms, and groups of formula - 

NR** Rf , where R«* and R* are the same or different and each represents a hydrogen atom or an alkyl 
group having from 1 to 3 carbon atoms. 

15. A compound according to Claim 1 or Claim 14, in which R 2 and Q, together with the nitrogen atom to which 
55 they are attached represent a group of formula (II), as defined in Claim 1 , in which: 

m and n are each 1,2 or 3; 

R« represents an alkyl group having from 1 to 4 carbon atoms or a substituted alkyl group which 
has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 11 ), defined below; 
and 

R 7 represents: an alkyl group having from 1 to 3 carbon atoms; or a substituted alkyl group which 
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has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (b»), defined below; 
and the carbon atoms of said group of formula (II) are unsubstftuted or they are substituted by at least one 
substituent selected from alkyl groups having from 1 to 4 carbon atoms and oxygen atoms; 
substituents (ag ): 

hydroxy groups, carboxy groups, carbamoyl groups, halogen atoms, and amino groups; 
substituents (bg ): 

hydroxy groups; carboxy groups; groups of formula -NR^FV, where R«* and R** are the same or different 
and each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; groups of for- 
mula -CONR«W or -OCONR^R^. where R* - and R* are as defined above; cyano groups; suJphamoyl 
groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; 
alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon atoms; 
alkanoylamino groups having 2 or 3 carbon atoms; alkanoyloxy groups having 2 or 3 carbon atoms; aikylthio 
groups having from 1 to 3 carbon atoms; alkylsulphlnyl groups having from 1 to 3 carbon atoms and alkyi- 
sulphonyl groups having from 1 to 3 carbon atoms. 

16. A compound according to Claim 1 or Claim 14, in which: 

R 2 represents a hydrogen atom; and 

Q represents a group of formula -B-N*R 8 R fl R 10 In which: R 8 , R* and R 10 are the same or different 
and each represents an alkyl groups having from 1 to 3 carbon atoms or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (b°), defined below; 
and B represents an alkylene or alkyl idene group having from 1 to 3 carbon atoms; 
substituents (M ): 

hydroxy groups; carboxy groups; groups of formula -NR^R**, whsre R«* and R^ are the same or different 
and each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; groups of for- 
mula -CONR^R** or -OCONR-'R^, where R«* and R* are as defined above; cyano groups; sulphamoyl 
groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; 
alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon atoms; 
alkanoylamino groups having 2 or 3 carbon atoms; alkanoyloxy groups having 2 or 3 carbon atoms; aikylthio 
groups having from 1 to 3 carbon atoms; alkylsulphlnyl groups having from 1 to 3 carbon atoms; and alkyl- 
sul phony! groups having from 1 to 3 carbon atoms. 

17. A compound according to Claim 1 or Claim 14. in which Q represents a heterocyclic group having from 4 
to 10 ring atoms in a single or bridged ring, one of said ring atoms being a quaternary nitrogen atom of 
formula >N*R 11 R 12 in which: 

rii and R 12 are the same or different and each represents an alkyl group having from 1 to 3 carbon 
atoms or a substituted alkyl group which has from 1 to 3 carbon atoms and which is substituted by at least 
one of substituents (b°), defined below; 

and having no other hetero-atoms or having one other nitrogen and/or oxygen and/or sulphur hetero-atom, 
the remainder being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substi- 
tuted by at least one of substituents (cP), defined below; 
substituents (hi ): 

hydroxy groups; carboxy groups; groups of formula -NR^Rf, where R*' and R* are the same or different 
and each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; groups of for- 
mula -CONR^R^ or -OCONR" r R b \ where R*" and BP are as defined above; cyano groups; sulphamoyl 
groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; 
alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon atoms; 
alkanoylamino groups having 2 or 3 carbon atoms; alkanoyloxy groups having 2 or 3 carbon atoms; aikylthio 
groups having from 1 to 3 carbon atoms; alkylsulphlnyl groups having from 1 to 3 carbon atoms; and alkyl- 
sulphonyl groups having from 1 to 3 carbon atoms; 
substituents (cQ : 

hydroxy groups, carbamoyl groups, halogen atoms and alkyl groups having from 1 to 3 carbon atoms. 

18. A compound according to Claim 17, in which Q represents an azetidinio, pyrrolidinio, plperidinio, piperazi- 
nio, homopiperazinio, quinudidinio, morphoiinio or thiomorpholinto group, in which the quaternary nitrogen 
atom is said group of formula >N*R 11 R« in which R 11 and R« are as defined in Claim 17, said group being 
unsubstituted on Its carbon atoms or being substituted by at least one of substituents (c 0 ), defined in Claim 
17. 
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19. A compound according to Claim 1, in which Q represents an alky* group having from 1 to 3 carbon atoms 
and substituted by a heterocyclic group having from 4 to 10 ring atoms in a single or bridged ring, one of 
said ring atoms being a quat rnary nitrogen atom f formula >N*R 11 R 12 , in which: 

R 11 andR 12 are the same or different and each represents an alkyi group having from 1 to 3 carbon 
atoms or a substituted afkyl group which has from 1 to 3 carbon atoms and which is substituted by at least 
one of substituents (b*). defined below; 

and having no other hetero-atoms or having one other nitrogen and/or oxygen and/or sulphur hetero-atom, 
the remainder being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substi- 
tuted by at least one of substituents (d 1 ), defined below; 
substituents (M ): 

hydroxy groups; carboxy groups; groups of formula -NR^R*", where R«" and R^ are the same or different 
and each represents a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms; groups of for- 
mula -CONR^R 1 " or -OCONR^R^, where R«* and R** are as defined above; cyano groups; sulphamoyl 
groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; 
alkoxycarbonyl groups having from 2 to 4 carbon atoms; atkanoyi groups having 2 or 3 carbon atoms; 
alkanoylamino groups having 2 or 3 carbon atoms; aikanoyf oxy groups having 2 or 3 carbon atoms; alkylthio 
groups having from 1 to 3 carbon atoms; alkylsulphlnyi groups having from 1 to 3 carbon atoms; and alkyl- 
sulphonyt groups having from 1 to 3 carbon atoms; 
substituents (eg ): 

hydroxy groups, carbamoyl groups, halogen atoms and alkyi groups having from 1 to 3 carbon atoms. 

20. A compound according to Claim 19, in which Q represents a methyl, ethyl or propyl group substituted by 
an azetidinio, pyrrolidine, piperidinio. piperazinio, homoplperazinio, quinudidinlo, morpholink) or thiomor- 
pholinio group, in which the quaternary nitrogen atom is said group of formula >N+R 11 R 12 t in which R 11 
and R 12 are as defined in Claim 19, said group being unsubstituted on its carbon atoms or being substituted 
by at least one of substituents (c 3 ), defined in Claim 19. 

21. A compound according to Claim 1, in which Q represents an alkyi group having from 1 to 3 carbon atoms 
and substituted by an aromatic heterocyclic group having 5 or 6 ring atoms, of which one is a quaternary 
nitrogen atom of formula 

V-Rll 
/ 

in which R 11 represents an alkyi group having from 1 to 3 carbon atoms or a substituted alkyi group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (b"), defined below; 
and having no other hetero-atoms or having one or two other nitrogen and/or oxygen and/or sulphur hete- 
ro-atoms, the remainder being carbon atoms, said heterocyclic group being otherwise unsubstituted or 
being substituted by at least one of substituents (cP), defined below; 
substituents (bg ): 

hydroxy groups; carboxy groups; groups of formula -NR^R*, where R«* and R v are the same or different 
and each represents a hydrogen atom or an alkyi group having from 1 to 3 carbon atoms; groups of for- 
mula -CONR«W or -OCONR^R*", where R** and R* are as defined above; cyano groups; sulphamoyl 
groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; 
alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyi groups having 2 or 3 carbon atoms; 
alkanoylamino groups having 2 or 3 carbon atoms; alkanoyloxy groups having 2 or 3 carbon atoms; alkylthio 
groups having from 1 to 3 carbon atoms; alkylsulphinyt groups having from 1 to 3 carbon atoms; and alkyt- 
sulphonyl groups having from 1 to 3 carbon atoms; 
substituents (eg ): 

hydroxy groups, carbamoyl groups, halogen atoms and alkyi groups having from 1 to 3 carbon atoms. 

22. A compound according to Claim 21. In which Q represents a methyl, ethyl or propyl group substituted by 
an imidazolio, thiazolio, thiadiazolio, pyrazolio, oxazolio, Isoxazolio. trtazolio, pyridinio, pyrazinio. pyrfmi- 
dinio or pyridazlnio group, in which the quaternary nitrogen atom is said group of formula 
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in which R 11 is as defined in Claim 21, said group being unsubstituted on its carbon atoms or having at 
least one methyl and/or ethyl and/or propyl substituent 

10 23. A compound according to Claim 1 , in which A represents a fully saturated heterocyclic group having 5 ring 
atoms, of which one is a nitrogen atom and the remainder are carbon atoms, said nitrogen atom having 
on its remaining valence a group or atom R 4 , in which: 

r* represents: a hydrogen atom; a methyl group; an ethyt group; or a substituted rnetriyTbr thyl 
group which has at least one hydroxy and/or carbamoyl and/or halogen substituent 

15 

24. A compound according to Claim 1 f in which R* and Q, together with the nitrogen atom to which they are 
attached represent a group of formula (II), as defined In Claim 1, in which: 

m and n are each 2 or 3; 

R« represents an alkyl group having from 1 to 4 carbon atoms or a substituted alkyi group which 
20 has from 1 to 4 carbon atoms and which has at least one hydroxy, carboxy, carbamoyl, cyano, halogen or 

amino substituent; and 

R 7 represents: an alkyl group having from 1 to 3 carbon atoms; or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (b"). defined below; 
and the carbon atoms of said group of formula (II) are unsubstituted or they are substituted by at least one 
25 substituent selected from alkyl groups having from 1 to 4 carbon atoms and oxygen atoms; 

substituents (bH ): 

hydroxy groups; carboxy groups; groups of formula -NR # R f , where R # and R 1 are the same or different and 
each represents a hydrogen atom, a methyl groups or an ethyl group; groups of formula -CONR«R h . where 
R« and R h are the same or different and each represents a hydrogen atom, an alkyl group having from 1 

30 to 3 carbon atoms or a substituted alkyl group having from 1 to 3 carbon atoms and having at least one 

hydroxy, carboxy, carbamoyl or carbamoyloxy substituent; groups of formula -OCONRW, where R* and Rl 
are the same or different and each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon 
atoms; cyano groups; sulphamoyl groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups 
having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups 

35 having 2 or 3 carbon atoms; alkanoylamino groups having 2 or 3 carbon atoms; aikanoyloxy groups having 

2 or 3 carbon atoms; alkytthio groups having from 1 to 3 carbon atoms; alkytsulphinyl groups having from 
1 to 3 carbon atoms and alkylsul phony! groups having from 1 to 3 carbon atoms. 

25. A compound according to Claim 24, in which said substituents (b 0 ) are selected from: hydroxy groups; car- 
40 boxy groups; groups of formula -NR°R , ( where R» and R f are the same or different and each represents a 

hydrogen atom, a methyl group or an ethyl group; groups of formula -CONR«R\ where Ra and R h are the 
same or different and each represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms 
or a substituted alkyl group having from 1 to 3 carbon atoms and having at least one hydroxy, carboxy or 
carbamoyl substituent; groups of formula -OCONRW, where R 1 and Rl are the same or different and each 

45 represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; cyano groups; sulphamoyl 

groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; 
alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon atoms; 
alkanoylamino groups having 2 or 3 carbon atoms; aikanoyloxy groups having 2 or 3 carbon atoms; alkyi thio 
groups having from 1 to 3 carbon atoms; alkylsulphinyt groups having from 1 to 3 carbon atoms and alkyl- 

so sulphonyl groups having from 1 to 3 carbon atoms. 

26. A compound according to Claim 1 , in which A represents a fully saturated heterocyclic group having 5 ring 
atoms, of which one is a nitrogen atom and the remainder are carbon atoms, said nitrogen atom having 
on its remaining valence a group or atom R*, in which: 

55 R* represents: a hydrogen atom; a methyl group; an thyl group; or a substituted methyl or ethyl 

group which has at least one hydroxy and/or carbamoyl and/or halogen substituent; 

R2 and Q, together with the nitrogen atom to which they are attached represent a group of formula 
(II), as defined in Claim 1, in which: 

m and n are each 2 or 3; 

R* represents an alkyl group having from 1 to 4 carbon atoms or a substituted alkyl group which 
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has from 1 to 4 carbon atoms and which has at least one hydroxy, carboxy, carbamoyl, cyan , halogen or 
amin substituent; and 

R 7 represents: an alky! group having from 1 to 3 carbon atoms; or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (b°), defined below; 
and the carbon atoms of said group of formula (II) are unsubstituted or they are substituted by at least one 
substituent selected from alkyl groups having from 1 to 4 carbon atoms and oxygen atoms; 
substituents (bg ): 

hydroxy groups; carboxy groups; groups of formula -NR*R f , where R» and R f are the same or different and 
each represents a hydrogen atom, a methyl group or an ethyl group; groups of formula -CONRcR\ where 
Ro and R h are the same or different and each represents a hydrogen atom, an alkyl group having from 1 
to 3 carbon atoms or a substituted alkyl group having from 1 to 3 carbon atoms and having at least one 
hydroxy, carboxy, carbamoyl or carbamoyloxy substituent; groups of formula -OCONRW. where R' and RJ 
are the same or different and each represents a hydrogen atom or an alkyl group having from 1 to 3 carbon 
atoms; cyano groups; suiphamoyl groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups 
having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; aikanoyi groups 
having 2 or 3 carbon atoms; alkanoytamino groups having 2 or 3 carbon atoms; alkanoyioxy groups having 
2 or 3 carbon atoms; alkylthio groups having from 1 to 3 carbon atoms; alkyisulphinyl groups having from 
1 to 3 carbon atoms; and alkylsulphonyl groups having from 1 to 3 carbon atoms. 

27. A compound according to Claim 26, In which said substituents (b®) are selected from: hydroxy groups; car- 
boxy groups; groups of formula -NR*R f , where R» and R* are the same or different and each represents a 
hydrogen atom, a methyl group or an ethyl group; groups of formula -CONRoR", where Ra and R h are th 
same or different and each represents a hydrogen atom, an alkyl group having from 1 to 3 carbon atoms 
or a substituted alkyl group having from 1 to 3 carbon atoms and having at least one hydroxy, carboxy or 
carbamoyl substituent; groups of formula -OCONR'Rl, where R 1 and RJ are the same or different and each 
represents a hydrogen atom or an alkyl group having from 1 to 3 carbon atoms; cyano groups; suiphamoyl 
groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; 
alkoxycarbonyl groups having from 2 to 4 carbon atoms; aikanoyi groups having 2 or 3 carbon atoms; 
alkanoylamino groups having 2 or 3 carbon atoms; and alkanoyioxy groups having 2 or 3 carbon atoms. 

28. 242K4,4-DimethyM-piperaziniocartx)ny^ 
em-3-carboxylate and pharmaceutical^ acceptable salts thereof. 

29. 2-{2K4.4-DimethyM-homopiperazintoca^ 
pen-2-em-3-carboxytate and pharmaceuticaily acceptable salts thereof. 

30. 2-{2-[4-<2-Hydroxyethyl)-4-meth^ -hydroxyethyl)-1 -methyl 
-1 -CTrbap>en-2-em-3-carboxylate and pharmaceuticaily acceptable salts thereof. 

31. 2-T2K4-CarbairK>ylmethy»^meth^ 

-1 ^ifcapen-2-ern-3-carboxyt ate and pharmaceuticaily acceptable salts thereof. 

32. 2^2-<4<^axymethyl-4-meth^ 
-carbapen-2-em-3~carboxylate and pharmaceuticaily acceptable salts thereof. 

33. 2H244-(2-Carbarm)ytoxyethyi)-4^ 
methyl-1-carbapen-2-em-3-carboxylate and pharmaceuticaily acceptable salts thereof. 

34. 2-{2-{4-(2-Hydroxyethyl>-4-methyl-1 -homopiperaziniocart>oriyllpyrroM 
methyt-1-carbapen-2-em-3-carboxylate and pharmaceuticaily acceptable salts thereof. 

35. 2-P^4-Cart>ainoylrnethy^ 

-methyM-carbap n-2-env3-carboxytate and pharmaceuticaily acceptable salts thereof* 

36. 2-[2-(4-CarboxymethyM-m thyM-homopiperaziniocarbonyl)pyi^ 

thyM -carbapen-2-em-3-carboxylate and pharmaceuticaily acceptable salts thereof. 

37. 2H2^4^2-Carbajnoytoxyethyl)^^ 
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1)-1-methyt-1-carbapen-2-em-3-carfo xylat and pharmaceutically acceptable salts thereof. 

38. 6^1-Hydroxyethyl)-lHnethy^ 

-1-carbapen-2-em-3-carboxylate and pharmaceutical!/ acceptable salts thereof. 

39. 6^1 -Hydroxy ethyl)-lHnethyl-242^3A4^methyM -pipe 
-em-3-carboxyiate and pharmaceutically acceptable salts thereof. 

40. (1R, 5S. 6S)-2-[(2S, 4S)-2^4AOimeftyMs>iperaziniocarbor^ 
roxyethyt]-1-methyl*1-carbapen-2-em-3-carboxylate and pharmaceutically acceptable salts thereof. 

41. (1R, 5S, 6S)-2-[(2S f 4§)-2-<4,4^imethyM-homopiperazini^^ 
roxyethyl]-lHTieth^1<ar1)apen-2^rtv3-carboxylate and pharmaceutically acceptable salts thereof. 

42. (1R, 5S.6S)-2K(2S.4S)-244K2-Hydrox 

1 -hydroxy ethyl]-1 -methyl-1 -carbaperi-2-ern-3-carboxylate and pharmaceutically acceptable salts ther of. 

43. (1R, 5S, 6S)-2-{(2S t 4S)-2K4-Carbamoylmethyl-4^ethyl-1^iperazlnIoc^rbo 

[(1 R)-1 -hydroxyethyl]-1 -methyl-1-carbapen-2-em-3-carboxylate and pharmaceutically acceptable salts 
thereof. 

44. (1R ( 5S, 6S)-2-[(2S a 4S)-2-<4^art>oxymethyt^m 

I -hydroxyethyi]-1 MTiethyl-1 -<»rbapert-2-errv3-cart>oxylate and pharmaceutically acceptable salts thereof. 

45. (1R t 5S, 6S)-2-((2S a 4S)-2-{4-(2-CarbaiTK>yloxyethyl)^^ 
64(1R^1-hydroxyethyl]-1-methyl-1-carbapen-2-em-3-carboxylate and pharmaceutically acceptable salts 
thereof. 

46. (1 R, 5S, 6§)-2-{<2S, 4§}-2-[4-<2-Hydroxyethyl)-4-m^^ 
[(1R)-1-hydroxyethyl]-1-methyl-1-carbapen-2-em-3-carboxylate and pharmaceutically acceptable salts 
thereof. 

47. (1R, 5S t 6S)-2-t(2S, 4S)-2-(4-Carbamoylmethyl-4-methyl-1-homoplr^^ 

6-{( 1 ^1 -hydraxyethyi]-1 -methyl-1 H^arbapen-2-em^-carboxylate and pharmaceutically acceptable salts 
thereof. * 

48. (1R, 5S, 6S)-2-{(2S. 4S)-2^4-Carboxyrriethyl-4-methyM-h^ 
[(1R)-1-hydroxyethyl}-1-methyl-1-carbapen-2-em-3-carboxylate and pharmaceutically acceptable salts 
thereof. 

49. (1R, 5S, 6S)-2-{(2S f 4S)-2^4-(2-Cart>amoyloxyethyl)-4-methyi-1-h^^ 
thio}-6-{(1R)-1-hydroxyethyt>1^ethyl-1-carbaperv2-env3-car^ and pharmaceutically acceptable 
salts thereof. 

50. (1R, 5S f 6S)^(1^1-HydroxyiBthy^1-methyl-2-I(2S t 4^2-{3A4-trfmetrryl-1-piper^ 
rotldirh^ylthio}-1-<^apen-2^nv3-csLrbQxylate and pharmaceutically acceptable salts thereof. 

51. (1R, 5S, 6S)^(1R)-1-Hydroxyethy!H-^ethyl-2K(2S f 4S>-2^4HTOtrryl^3-siilphorwpyl)-1-plpera^ 
nk>cartonyl]pynolidifr4-y1thlo}-1-c^ and pharmaceutically acceptable salts 
thereof. 

52. A pharmaceutical composition for the treatment or prophylaxis of bacterial infections, which composition 
comprises an effective amount of an antibacterial agent in admixture with a pharmaceutically acceptable 
carrier r diluent, in which the antibacterial agent is at least one compound according to any one of Claims 

I I 51. 

53. The use f a compound according to any on of Claims 1 to 51 for the manufacture of a medicament for 
the treatment or prophylaxis of bacterial infections in an animal. 
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54. The use fa compound according to any one of Claims 1 to 51 in therapy. 



5 55. A process for preparing a compound according to any on of Claims 1 to 51, which comprises the steps: 
reacting a compound of formula (IV): 



OH Rl 
10 I I 



is C N C 



CH H CH Y 

/ \ I/ \ / 
H 3 C CH-C C (iv) 



0 / ^COOR 22 



(in which; R 1 is as defined in Claim 1; Y represents a group of formula -OR 21 or-SO-R 2 *; R 21 represents 
20 an alkyisuiphonyi group, an aryisulphonyl group, a dialkylphosphoryl group or a diarylphosphoryl group; 

R 22 represents a carboxy- protecting group; and R 23 represents an alkyi group having from 1 to 4 carbon 
atoms, a hatogenated alkyi group having from 1 to 4 carbon atoms; a 2-acetamidoethyt group; a 2-acetami- 
dovinyi group; an aryi group which has from 6 to 10 ring carbon atoms and which is unsubstituted or has 
at least one substituent selected from halogen atoms, C t - C* alkyi groups, C t - C 3 alkoxy groups, Cj - C s 
25 aikoxycarbonyl groups, nitro groups, carbamoyl groups, mono^ - C3 alkyi)- carbamoyl groups, di(C 1 - 
C 3 alkyl)carbamoyl groups, hydroxy groups and cyano groups; or an aromatic heterocyclic group having 
5 or 6 ring atoms, of which 1 is a hetero-atom nitrogen and/or oxygen and/or sulphur hetero-atoms and 0 
or 1 is an additional nitrogen atom, said heterocyclic group being unsubstituted or being substituted by at 
least one substituent selected from halogen atoms and C t - C3 alkyi groups) with a compound of formula 
30 (V): 



HS-A-C-N 



35 



Q' 



(V) 



[in which: A and R 2 are as defined in Claim 1; and Q" may represent any of the groups represented by Q 
together with a balancing anion or it may represent 

40 (i') a group of formula -B-NR*R 9 , in which: B, R 8 and R 9 are as defined in Claim 1; 

(if) a heterocyclic group having from 4 to 1 0 ring atoms in a single or bridged ring, one of said ring atoms 
being a substituted nitrogen atom of formula >NR 11 , in which R 11 is as defined in Claim 1; and 0, 1 or 
2 of said ring atoms being nitrogen and/or oxygen and/or sulphur hetero-atoms, the remainder being 
carbon atoms, said heterocyclic group being otherwise unsubstituted or having at least one substituent 

45 selected from substituents (c), defined in Claim 1; 

(iuO an alkyi group having from 1 to 6 carbon atoms and substituted by a heterocyclic group as defined 
In (DO in Claim 1; or 

(iv*) an alkyi group having from 1 to 6 carbon atoms and substituted by an aromatic heterocyclic group 
having from 5 to 8 ring atoms, one of said ring atoms being a nitrogen atom; 

50 or 

R 2 and Q\ together with the nitrogen atom to which they are attached, represent a group of formula 

("0: 

(CH 2 ) m 

55 I \ 

•N N-R 7 (II') 

\ / 
(CH 2 ) n 

in which m, n and R 7 are as defined in Claim 1; 

inn 
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andth carbon atoms ofsaid group offormula (II') are unsubstituted or th y are substituted by at least one 
substituent selected from alkyl groups having from 1 to 6 carbon atoms and xygen atoms]; 
togiveacomp und f formula (I'): 



OH R 1 O Q' 

I I II / 

CH H CH SA-C-N 

/ \ 1/ \ / \ _ 

H3C CH-C C R 2 ( I ' ) 

I I II 
C N C 

O COOR 22 



(in which R 1 , R 2 , R 3 , A and Q' are as defined in Claim 1 and in which, where Q' represents a group con- 
taining a quaternary nitrogen atom, the compound also includes a balancing anion); 
If required, removing the balancing anion and the carboxy-protecting group to give a compound offormula 
(I"): 



OH R 1 O Q 

I I II / 

CH H CH SA-C-N 

/ \ 17 \ / \ , 

H3C CH-C C R 2 



(I") 



-N- 



COO 



a 



in which R 1 , R 2 and Q are as defined in Claim 1; 
and, if required, saiifying or esterifying the product 

Claims for the following Contracting States: ES, GR 

1. A process for preparing a compound of formula (I): 

OH R 1 O Q 

I I II / 

CH H CH SA-C-N 

/ \ 1/ \ / . \ „ 

H3C CH-C C R 2 (I) 

I I II 
C N C 

</ ^COOR 3 



in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R 4 , wherein: 

R 4 represents: a hydrogen atom; an alkenyl group having from 2 to 5 carbon atoms; an alkynyi group 
having from 2 1 5 carbon atoms: an alkyl group having from 1 to 6 carbon atoms; a substituted alkyl group 
which has from 1 to 6 carbon atoms and which is substituted by at least n of substftuents (a), defined 
below; or a group of formula -C(=NH)R 6 . wherein R s represents a hydrogen atom or an alkyl group having 
from 1 to 6 carbon atoms; 

R 1 represents a hydrog n atom or a methyl group; 
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R* represents a hydrogen atom or an alkyl group having from 1 to 6 carbon atoms; 
R 3 represents a hydrog n atom or a negative Ionic charge; 
Q represents: 

(i) a group of formula -B- N*R 8 R 9 R 10 wherein: R tt , R 9 and R 10 are Independently selected from alkenyf 
groups having from 2 to 5 carbon atoms, alkynyl groups having from 2 to 5 carbon atoms, alkyl groups 
having from 1 to 6 carbon atoms and substituted alkyl groups which have from 1 to 6 carbon atoms and 
which are substituted by at least one of substituents (b), defined below; and B represents an alkylene 
or alkytidene group having from 1 to 4 carbon atoms; 

(ii) a heterocyclic group having from 4 to 1 0 ring atoms In a single or bridged ring, one of said ring atoms 
being a quaternary nitrogen atom of formula >N*R 11 R 12 , wherein: 

R 11 and R 12 are independently selected from aJkenyfl groups having from 2 to 5 carbon atoms, 
alkynyl groups having from 2 to 5 carbon atoms, alkyl groups having from 1 to 6 carbon atoms and sub- 
stituted alkyl groups which have from 1 to 6 carbon atoms and which are substituted by at least one of 
substituents (b), defined below; 

and 0, 1 or 2 of said ring atoms being selected from nitrogen, oxygen and sulphur hetero-atoms. the 
remainder being carbon atoms, said heterocyclic group being otherwise unsubstttuted or being substi- 
tuted by at least one of substituents (c), defined below; 

(ifi) an alkyl group having from 1 to 6 carbon atoms and substituted by a heterocyclic group as defined 
in (ii) above; or 

(iv) an alkyl group having from 1 to 6 carbon atoms and substituted by an aromatic heterocyclic group 
having from 5 to 8 ring atoms, one of said ring atoms being a quaternary nitrogen atom of formula 

V-Rll 

- / 

wherein R 11 is as defined above, and 0, 1 or 2 of said ring atoms being an additional hetero-atom selec- 
ted from nitrogen, oxygen and sulphur hetero-atoms; 

or 

R2 and Q, together with the nitrogen atom to which they are attached, represent a group of formula 

(II): 

(CH 2 ) m R 6 
-N N + (II) 

(CH 2 ) n R 7 

wherein: 

m and n are each 1, 2 or 3; 

R 6 represents an alkyl group having from 1 to 6 carbon atoms or a substituted alkyl group which 
has from 1 to 6 carbon atoms and which has at least one substituent selected from substituents (a), defined 
below; 

R7 represents an alkenyi group having from 2 to 5 carbon atoms, an alkynyl group having from 2 to 
5 carbon atoms, an alkyl group having from 1 to 6 carbon atoms or a substituted alkyl group which has 
from 1 to 6 carbon atoms and which has at least one substituent selected from substituents (b), defined 
below; 

and the carbon atoms of said group of formula (II) are unsubstttuted or they are substituted by at least one 
substituent selected from alkyl groups having from 1 to 6 carbon atoms and oxygen atoms; 
substituents (a): 

hydroxy groups, carboxy groups, cyano groups, sulphamoyl groups, sidpho groups, halogen atoms, and 
groups of formula -NR«R b or -CONR«R b , where R» and R b are independently selected from hydrogen atoms 
and alkyl groups having from 1 to 4 carbon atoms; 
substituents (b): 

hydroxy groups; carboxy groups; groups of formula -NR"R b , where R« and R b are as defined above; groups 
of formula -CONR c R d or -OCONRcR*. where R c and R d are independently selected from hydrogen atoms, 
alkyl groups having from 1 to 4 carbon atoms and substituted alkyl groups which hav from 1 to 4 carbon 
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atoms and which are substituted by at least one f substituents (d) defined below; cyano groups; sul- 
phamoyl groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 4 carbon 
5 atoms; aikoxycarbonyl groups having from 2 to 5 carbon atoms; alkanoyl groups having from 1 to 4 carbon 

atoms; aikanoytamino groups having from 1 to 4 carbon atoms; alkanoyloxy groups having from 1 to 4 car- 
bon atoms; alkyithio groups having from 1 to 4 carbon atoms; alkylsulphinyl groups having from 1 to 4 car- 
bon atoms and alkyisulphonyt groups having from 1 to 4 carbon atoms; 
substituents (c): 

10 hydroxy groups, groups of formula -CONR*R b , where R* and R b are as defined above, aikyl groups having 

from 1 to 4 carbon atoms and halogen atoms; 
substituents (d): 

hydroxy groups, carboxy groups and groups of formula -CONR*R b or -OCONR»R b , where R* and R b are 
as defined above; 

is or a salt thereof or, where R 3 represents a hydrogen atom, an ester of said compound, provided that, where 

R 3 represents a hydrogen atom or an ester, the compound also includes an anion, which process comprises 
the steps: 

reacting a compound of formula (IV): 

20 OH R 1 

I I 
CH H CH Y 

/ \ 1/ \ / 
H 3 C CH-C C (IV) 

25 I I II 

C N C 

(/ ^COOR 22 



30 (in which: R 1 is as defined above; Y represents a group of formula -OR 21 or -SO-R 23 ; R 21 represents an 

alkyisulphonyt group, an aryi sulphonyl group, a dialkyiphosphoryl group or a diarylphosphoryt group; R 22 
represents a carboxy-protecting group; and R 23 represents an aikyl group having from 1 to 4 carbon atoms, 
a halogenated aikyl group having from 1 to 4 carbon atoms; a 2-acetamidoethyl group; a 2-acetamidovinyl 
group; an aryt group which has from 6 to 10 ring carbon atoms and which is unsubstituted or has at least 

35 one substituent selected from halogen atoms, Ci - C 3 aikyl groups, C, - C 3 alkoxy groups, Cj - C 6 

aikoxycarbonyl groups, nitro groups, carbamoyl groups, mono(C 1 - Ca aikyl)- carbamoyl groups, dKC, - 
C 3 alkyl)carbamoyl groups, hydroxy groups and cyano groups; or an aromatic heterocyclic group having 
5 or 6 ring atoms, of which 1 is a hetero-atom selected from nitrogen, oxygen and sulphur hetero-atoms 
and 0 or 1 is an additional nitrogen atom, said heterocyclic group being unsubstituted or being substituted 

40 by at least one substituent selected from halogen atoms and C n - Cj aikyl groups) with a compound of 

formula (V): 

O Q' 

II / 

45 HS-A-C-N (V) 

\* 

[in which: A and R 2 are as defined above; and Q" may represent any of the groups represented by Q 

50 together with a balancing anion or It may represent 

(iO a group of formula -B-NRW, wherein: B, R 0 and R 9 are as defined above; 
(IP) a heterocyclic group having from 4 to 10 ring atoms in a single or bridged ring, one of said ring atoms 
being a substituted nitrogen atom of formula >NR 11 , wherein R 11 is as defined above; and 0, 1 or 2 of 
said ring atoms being selected from nitrogen, oxygen and sulphur hetero-atoms, the remainder being 

55 carbon atoms, said heterocyclic group being therwise unsubstituted or having at least one substituent 

selected from substituents (c), defined above; 
- - (iu') an aikyl group having from 1 to 6 carbon atoms and substituted by a heterocyclic group as defined 
In (u') above; or 

(rV) an aikyl group having from 1 to 6 carbon atoms and substituted by an aromatic heterocyclic group 
having from 5 to 8 ring atoms, one of said ring atoms b ing-a nitrog n atom; 
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or 

R2 and Q' t together with the nitrogen atom to which they are attached, represent a group of formula 

(II'): 



(CH 2 ) m 

/ \ 7 

-N N-R 7 (II') 

\ / 

(CH 2 ) n 

wherein m. n and R 7 are as defined above; 

and the carbon atoms of said group of formula (IP) are unsubstituted or they are substituted by at least on 
substituent selected from alkyl groups having from 1 to 6 carbon atoms and oxygen atoms]; 
to give a compound of formula (P): 



OH R 1 O Q' 

I i II / 

CH H CH SA-C-N 

/ \ 1/ \ / \ . 

H3C CH-C C R 2 ( I ' ) 

I I II 
C N C 

O COOR 22 

(in which R 1 , R 2 , R 3 , A and Q' are as defined above and in which, where Q' represents a group containing 
a quaternary nitrogen atom, the compound also includes a balancing anion); 

if required, removing the balancing anion and the carboxy-protecting group to give a compound of formula 
0"): 

OH R 1 O Q 

I I II / 

CH H CH SA-C-N 

H3C CH-C C R 2 (I") 

I I II 
C N C 

o' ^COO® 



in which R 1 , R 2 and Q are as defined above; 
and, if required, salifying or estefifying the product 

2. A process according to Claim 1 , wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on Its remaining valence a group or 
atom R* t wherein: 

R* represents: a hydrogen atom; an alkenyl group having 3 or 4 carbon atoms; an alkynyl group hav- 
ing 3 or 4 carb n atoms; an alkyl group having from 1 to 4 carb n atoms; a substituted alkyl group which 
has from 1 to 4 carbon atoms and which has at least one substituent selected from substttuents (a*), defined 
below; or a group of formula -C(=NH)R 5 , wherein R 5 represents a hydrogen atom or an alkyl group having 
from 1 to 4 carbon atoms; 
substituents (a! ): 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, suiphamoyl groups, suipho groups, 
halogen atoms, and groups of formula -IMR* R* , where R* and R* are independently selected from hyd- 
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rogen atoms and alky) groups having from 1 to 3 carbon atoms. 

3. A process according to Claim 1 or Claim 2, wherein the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which R 2 represents a hydrogen atom 
or an aikyi group having from 1 to 4 carbon atoms. 

4. A process according to Claim 1 or Claim 2, wherein the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which R 2 and GL together with the 
nitrogen atom to which they are attached represent a group of formula (II), as defined In Claim 1, wherein: 

m and n are each 1, 2 or 3; 

R e represents an alkyl group having from 1 to 4 carbon atoms or a substituted alkyl group wtiibh 
has from 1 to 4 carbon atoms and which has at least one substituent selected from substituents (a 1 )* defined 
below; and 

R7 represents: an alkenyl group having 3 or 4 carbon atoms; an alkynyl group having 3 or 4 carbon 
atoms; an alkyl group having from 1 to 4 carbon atoms; or a substituted alkyl group which has from 1 to 4 
carbon atoms and which has at feast one substituent selected from substituents (d 1 ), defined below; 
and the carbon atoms of said group of formula (II) are unsubstituted or they are substituted by at least one 
substituent selected from alkyl groups having from 1 to 4 carbon atoms and oxygen atoms; 
substituents (a! ): 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, suiphamoyi groups, sulpho groups, 
halogen atoms, and groups of formula -NR* 1 R* , where R* and R* are independently selected from hyd- 
rogen atoms and alkyl groups having from 1 to 3 carbon atoms; 
substituents (bQ: 

hydroxy groups; carboxy groups; groups of formula -NR*R b , where R m and R b are as defined In Claim 1; 
groups of formula -CONR^R* or -OCONR^R**, where R* and R* are independently selected from hydro- 
gen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted alkyl groups which have from 1 
to 3 carbon atoms and which are substituted by at least one of substituents (d 1 ) defined below, and R<*" and 
R* are independently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; 
cyano groups; suiphamoyi groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having 
from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; aJkanoyt groups having 
from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; alkanoyioxy groups hav- 
ing from 1 to 3 carbon atoms; alkylthio groups having from 1 to 3 carbon atoms; alkylsulphinyt groups having 
from 1 to 3 carbon atoms and alkylsulphonyi groups having from 1 to 3 carbon atoms; and 
substituents (dQ : 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyloxy groups. 

5. A process according to any one of Claims 1 to 3, wherein the reagents and reaction conditions are so cho- 
sen as to prepare a compound of formula (I) or a salt or ester thereof, in which Q represents a gr up of 
formula -B-N*R e R*R t0 , wherein: R 8 , R 9 and R 10 are independently selected from alkenyl groups having 3 
or 4 carbon atoms, alkynyl groups having 3 or 4 carbon atoms, alkyl groups having from 1 to 4 carbon atoms 
and substituted alkyl groups which have from 1 to 4 carbon atoms and which are substituted by at I ast 
one of substituents (b 1 ), defined below; and B represents an alkylene or alkyiidene group having from 1 to 
4 carbon atoms; 

substituents (bQ : 

hydroxy groups; carboxy groups; groups of formula -NR«R b , where R* and R b are as defined in Claim 1; 
groups of formula -CONROR* or -OCONR^R^, where R* and R* are Independently selected from hyd- 
rogen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted alkyl groups which have from 
1 to 3 carbon atoms and which are substituted by at least one of substituents (d 1 ) defined below, and R°" 
and R** are independently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; 
cyano groups; suiphamoyi groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having 
from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 
from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; alkanoyioxy groups hav- 
ing from 1 to 3 carbon atoms; alkyithi groups having from 1 to 3 carbon atoms; alkylsuiphinyi groups having 
from 1 to 3 carbon atoms and alkylsulphonyi groups having from 1 to 3 carbon atoms; and 
substituents (op : 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyloxy groups. 

6. A process according to any ne of Claims 1 to 3, wherein the reagents and reaction conditions are so cho- 
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sen as to prepare a compound of formula (1) or a salt or ester thereof, in which Q represents a non-aromatic 
heterocyclic group having from 4 to 10 ring atoms In a single or bridged ring, one of said ring atoms being 
a quaternary nitrogen atom of formula >N*R 11 R 12 , wherein: 

R11 and R 12 are independently selected from alkenyl groups having 3 or 4 carbon atoms; alkynyi 
groups having 3 or 4 carbon atoms; alkyl groups having from 1 to 4 carbon atoms; and substituted alkyi 
groups which have from 1 to 4 carbon atoms and which are substituted by at least one of substituents (b 1 ), 
defined below; 

and 0, 1 or 2 of said ring atoms being selected from nitrogen, oxygen and sulphur hetero-atoms, the remain- 
der being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by at 
least one of substituents (d), defined below; . 
subsb'tuents (bj ): 

hydroxy groups; carboxy groups; groups of formula -NR*R b , where R* and R b are as defined in Claim 1; 
groups of formula -CONR^R* or -OCONR^R**, where R* and R d * are independently selected from hydro- 
gen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted alkyl groups which have from 1 
to 3 carbon atoms and which are substituted by at least one of substituents (d 1 ) defined below, and and 
R** are independently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; 
cyano groups; sulphamoyi groups; ureldo groups; sulpho groups; halogen atoms; alkoxy groups having 
from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 
from 1 to 3 carbon atoms; alkanoylamlno groups having from 1 to 3 carbon atoms; alkanoyloxy groups hav- 
ing from 1 to 3 carbon atoms; alkylthio groups having from 1 to 3 carbon atoms; alkylsulphinyl groups having 
from 1 to 3 carbon atoms and alkylsulphonyt groups having from 1 to 3 carbon atoms; 
substituents (d ): 

hydroxy groups, carbamoyl groups, alkyl groups having from 1 to 3 carbon atoms and halogen atoms; and 
substituents (d! ): 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoytoxy groups. 

7. A process according to any one of a aims 1 to 3, wherein the reagents and reaction conditions are so cho- 
sen as to prepare a compound of formula (I) or a salt or ester thereof, in which Q represents an alkyl group 
having from 1 to 4 carbon atoms and substituted by a non-aromatic heterocyclic group having from 4 to 
10 ring atoms In a single or bridged ring, one of said ring atoms being a quaternary nitrogen atom of formula 
>N*R 11 R 12 , wherein: 

R 11 and R 12 are independently selected from: alkenyl groups having 3 or 4 carbon atoms; alkynyi 
groups having 3 or 4 carbon atoms; alkyl groups having from 1 to 4 carbon atoms; and substituted alkyl 
groups which have from 1 to 4 carbon atoms and which are substituted by at least one of substituents (b 1 ), 
defined below; 

and 0, 1 or 2 of said ring atoms being selected from nitrogen, oxygen and sulphur hetero-atoms, the remain- 
der being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by at 
least one of substituents (c 4 ), defined below; 
substituents (bQ: 

hydroxy groups; carboxy groups; groups of formula -NR*R b , where R« and R b are as defined in Claim 1; 
groups of formula -CONR* R* or -OCONR^R*', where R* and R* are independently selected from hyd- 
rogen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted alkyl groups which have from 
1 to 3 carbon atoms and which are substituted by at least one of substituents (d 1 ) defined below, and R 0 " 
and Rc are independently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; 
cyano groups; sulphamoyi groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having 
from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 
from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; alkanoyloxy groups hav- 
ing from 1 to 3 carbon atoms; alkylthio groups having from 1 to 3 carbon atoms; alkylsulphinyl groups having 
from 1 to 3 carbon atoms and alkylsulphonyt groups having from 1 to 3 carbon atoms; 
substituents (cj ): 

hydroxy groups, carbamoyl groups, alkyl groups having from 1 to 3 carbon atoms and halogen atoms; and 
substituents (dj ): 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyloxy groups. 

8. A process according to any one of Claims 1 to 3, wherein the reagents and reaction conditions are so cho- 
sen as to prepare a compound of formula (I) or a salt or ester thereof, In which Q represents an alkyl group 
having from 1 to 4 carbon atoms and substituted by an aromatic heterocyclic group having from 5 to 7 ring 
atoms, one of said ring atoms being a quaternary nitrogen atom of formula 
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V-Rll 
/ 

wherein R» represents: an alkenyl group having 3 or 4 carbon atoms; an alkynyl group having 3 or4 carbon 
atoms; an alkyl group having from 1 to 4 carbon atoms; or a substituted alkyl group which has from 1 to 4 
carbon atoms and which is substituted by at least one of substituents (tf). defined below; 
and 0 1 or 2 of said ting atoms being selected from nitrogen, oxygen and sulphur hetero-atoms, the remain- 
der being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by at 
least one of substituents (d). defined below; 

hydSTroup^ carboxy groups; groups of formula -NR"R b . where R* and R b are as defined In Claim 1; 
groups of formula -CONR* R* or -OCONR^W, where R* and R d ' are Independently selectBd from hyd- 
rogen atoms, alkyl groups" having from 1 to 3 carbon atoms and substituted alkyl groups which have from 
1 to 3 carbon atoms and which are substituted by at least one of substituents (d>) defined below, and R°" 
and R* are independently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; 
cyano groups; sulphamoyl groups: ureido groups; sulpho groups; halogen atoms; alkoxy groups having 
from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 
from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; alkanoyloxy groups hav- 
ing from 1 to 3 carbon atoms; alkylthlo groups having from 1 to 3 carbon atoms; alkyteulphinyi groups having 
from 1 to 3 carbon atoms and alkyisulphonyl groups having from 1 to 3 carbon atoms; 

substituents (cD: ... . . 

hydroxy groups Tcarbamoyl groups, alkyl groups having from 1 to 3 carbon atoms and halogen atoms; and 

substituents (dQ : 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyloxy groups. 

A process according to Claim 1 . wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof. In which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 

atom i^wrwrtn^ ^ h ^ mgfin atom - an alkenyl group having 3 or 4 carbon atoms; an alkynyl group hav- 
ing 3 or 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms; a substituted alkyl group which 
has from 1 to 4 carbon atoms and which Is substituted by at least one of substituents (a<). defined below; 
or a group of formula -C(=NH)R*. wherein R» represents a hydrogen atom or an alkyl group having from 1 
to 4 carbon atoms; 

R* represents a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms; 

Q represents a group of formula -B -N'RWR". wherein: R«, R» and R" are independently selected 
from alkenyl groups having 3 or 4 carbon atoms, alkynyl groups having 3 or 4 carbon atoms, alkyl groups 
having from 1 to 4 carbon atoms and substituted alkyl groups which have from 1 to 6 carbon atoms and 
which are substituted by at least one of substituents (tf). defined below, and B represents an alkylene or 
alkylidene group having from 1 to 4 carbon atoms; 

substituents (a!): . 
hydroxy groupsT carboxy groups, carbamoyl groups, cyano groups, sulphamoyl groups, sulpho groups, 
halogen atoms, and groups of formula -NR* R* . where R* and R v are independently selected from hyd- 
rogen atoms and alkyl groups having from 1 to 3 carbon atoms; 

hydro^r^ups^ carboxy groups; groups of formula -NR«R b . where R- and R" are as defined In Oaim 1; 
groups of formula -CONFER* or -OCONR^fV, where R* and R* are Independently selected from hydro- 
gen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted alkyl groups which have from 1 
to 3 carbon atoms and which are substituted by at least one of substituents (tf) defined below, and R* and 
R«- are Independently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; 
cyano groups; sulphamoyl groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having 
from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 
from 1 to 3 carbon atoms; alkaiioylamln groups having from 1 to 3 carbon atoms; alkanoyloxy groups hav- 
ing from 1 to 3 carbon atoms; alkylthlo groups having from 1 to 3 carbon atoms; alkytsulphlnyl groups having 
from 1 to 3 carbon atoms and alkyisulphonyl groups having from 1 to 3 carbon atoms; and 
substituents (dj ): 
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hydroxy groups; carboxy groups; carbamoyl groups; and carbamoytoxy groups. 

5 1 0. A process according to Claim 1 . wherein the reagents and reaction conditions are s chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one Is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on Its remaining valence a group or 
atom R\ wherein: 

10 R 4 represents: a hydrogen atom; an alkenyl group having 3 or 4 carbon atoms; an alkynyt group hav- 

ing 3 or 4 carbon atoms; an afkyl group having from 1 to 4 carbon atoms; a substituted alkyl group which 
has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a*) , defined be l owr 
or a group of formula -C(=NH)R 5 , wherein R 5 represents a hydrogen atom or an alkyl group having from 1 
to 4 carbon atoms; 

is R 2 represents a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms; 

Q represents a non-aromatic heterocyclic group having from 4 to 1 0 ring atoms in a single or bridged 
ring, one of said ring atoms being a quaternary nitrogen atom of formula >N+R 11 R 12 , wherein: 

R 11 and R 12 are independently selected from alkenyl groups having 3 or 4 carbon atoms; alkynyt 
groups having 3 or 4 carbon atoms; alkyl groups having from 1 to 4 carbon atoms; and substituted alkyl 
20 groups which have from 1 to 4 carbon atoms and which are substituted by at least one of substituents (b 1 ), 

defined below; 

and 0, 1 or 2 of said ring atoms being selected from the group consisting of nitrogen, oxygen and sulphur 
hetero-atoms, the remainder being carbon atoms, said heterocyclic group being otherwise unsubstftuted 
or being substituted by at least one of substituents (d), defined below; 
25 substituents (aQ : 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyl groups, sulpho groups, 
halogen atoms, and groups of formula -NR«'R* , where R 1 ' and R b ' are independently selected from hyd- 
rogen atoms and alkyl groups having from 1 to 3 carbon atoms; 
substituents (b[ ): 

30 hydroxy groups; carboxy groups; groups of formula -NR*R b , where R« and R b are as defined in Claim 1; 

groups of formula -CONR^R* or -OCONR°W, where R* and R d * are independently selected from hydro- 
gen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted alkyl groups which have from 1 
to 3 carbon atoms and which are substituted by at least one of substituents (d 1 ) defined below, and R°" and 
R*" are independently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; 

35 cyano groups; sulphamoyl groups; ureldo groups; sulpho groups; halogen atoms; alkoxy groups having 

from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyi groups having 
from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; aikanoyloxy groups hav- 
ing from 1 to 3 carbon atoms; alkylthio groups having from 1 to 3 carbon atoms; alkylsulphinyl groups having 
from 1 to 3 carbon atoms and alkylsulphonyl groups having from 1 to 3 carbon atoms; 

40 substituents (cO : 

hydroxy groups, carbamoyl groups, alkyl groups having from 1 to 3 carbon atoms and halogen atoms; and 
substituents (dQ : 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyloxy groups. 

45 11. A process according to Claim 1, wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrog n 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R 4 , wherein: 

so R 4 represents: a hydrogen atom; an alkenyl group having 3 or 4 carbon atoms; an alkynyl group hav- 

ing 3 or 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms; a substituted alkyl group which 
has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined below; 
or a group of formula -C(=NH)R 5 , wherein R 5 represents a hydrogen atom or an alkyl group having from 1 
to 4 carbon atoms; 

55 R 2 represents a hydrogen atom r an alkyl group having from 1 to 4 carbon atoms; 

Q represents an alkyl group having from 1 to 4 carbon atoms and substituted by a non-aromatic 
heterocyclic group having from 4 to 10 ring atoms in a single or bridged ring, one of said ring atoms being 
a quaternary nitrogen atom of formula >N*R 1t R 12 , wherein: 

R" and R 12 are independently selected from alkenyl groups having 3 or 4 carbon atoms; alkynyl 
groups having 3 or 4 carbon atoms; alkyl groups having from 1 to 4 carbon atoms; and substituted alkyl 
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groups which have from 1 to 4 carbon atoms and which are substituted by at least one of substituents (b% 
defined below; 

5 andO, 1 or 2 of said ring atoms being selected from nitrogen, oxygen and sulphur hetero-etoms, the remain- 

der being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by at 
least one of substituents (d), defined below; 
substituents (aQ : 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyl groups, sulpho groups, 
10 halogen atoms, and groups of formula -NR*' R v , where R*' and R* are independently selected from hyd- 

rogen atoms and aikyl groups having from 1 to 3 carbon atoms; 

substituents (bQ : ,.„ rr - 

hydroxy groups; carboxy groups; groups of formula -NR*R b , where R« and R b are as defined in 6fa(m 1; 
groups of formula -CONR* R* or -OCONRCR*", where R* and R d ' are independently selected from hyd- 

is rogen atoms, alkyi groups having from 1 to 3 carbon atoms and substituted aikyl groups which have from 

1 to 3 carbon atoms and which are substituted by at least one of substituents (d*) defined below, and R<*" 
and R<*" are independently selected from hydrogen atoms and aikyl groups having from 1 to 3 carbon atoms; 
cyano groups; sulphamoyl groups; ureldo groups; sulpho groups; halogen atoms; alkoxy groups having 
from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 

20 from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; alkanoytoxy groups hav- 

ing from 1 to 3 carbon atoms; alkyithio groups having from 1 to 3 carbon atoms; alkylsulphlnyl groups having 
from 1 to 3 carbon atoms and alkylsul phenyl groups having from 1 to 3 carbon atoms; 
substituents (cQ : 

hydroxy groups, carbamoyl groups, aikyl groups having from 1 to 3 carbon atoms and halogen atoms; and 
25 substituents (dQ : 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyloxy groups. 

12. A process according to Claim 1 , wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which: 
30 A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 

atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R 4 , wherein: 

R* represents: a hydrogen atom; an alkenyl group having 3 or 4 carbon atoms; an alkynyi group hav- 
ing 3 or 4 carbon atoms; an aikyl group having from 1 to 4 carbon atoms; a substituted aikyl group which 
35 has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined below; 

or a group of formula -C(=NH)R 6 f wherein R 6 represents a hydrogen atom or an aikyl group having from 1 
to 4 carbon atoms; 

R 2 represents a hydrogen atom or an aikyl group having from 1 to 4 carbon atoms; 
Q represents an alkyi group having from 1 to 4 carbon atoms and substituted by an aromatic 
40 heterocyclic group having from 5 to 7 ring atoms, one of said ring atoms being a quaternary nitrogen atom 

of formula 



wherein R" represents: an alkenyl group having 3 or 4 carbon atoms; an alkynyi group having 3 or 4 carbon 
atoms; an alkyi group having from 1 to 4 carbon atoms; or a substituted aJkyl group which has from 1 to 4 
carbon atoms or which is substituted by at least one of substituents (b 1 ). defined below; 
so andO, 1 or2of said ring atews being selected from nifrosen, oxygen an^ 

der being carbon atoms, said heterocyclic group being otherwise unsubstituted or being substituted by at 
least one of substituents (c*) ( defined below; 
substituents (aQ : 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyl groups, sulpho groups, 
55 halogen atoms, and groups of formula -NR'TC*' , where R* and R* are independently selected from hyd- 

rogen atoms and alkyi groups having from 1 to 3 carbon atoms; 
substituents (bp : 

hydroxy groups; carboxy groups; groups of formula -NR*R b , where R a and R b are as defined in Claim 1; 
groups of formula -CONR* R? or -OCONR cr R <r , wher R* and R* are independently selected from hyd- 
rogen atoms, alkyi groups having from 1 to 3 carbon atoms and substituted alkyi groups which hav from 
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1 to 3 carbon atoms and which are substituted by at least one of substituents (d 1 ) defined below, and Re* 
and R4* are independently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; 

5 cyano groups; sulphamoyl groups; ureldo groups; sulpho groups; halogen atoms; alkoxy groups having 

from 1 to 3 carbon atoms; alkoxycarbonyt groups having from 2 to 4 carbon atoms; alkanoyl groups having 
from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; alkanoyloxy groups hav- 
ing from 1 to 3 carbon atoms; alkytthio groups having from 1 to 3 carbon atoms; alkytsulphinyf groups having 
from 1 to 3 carbon atoms and alky (sulphonyl groups having from 1 to 3 carbon atoms; 

10 substituents (cQ : 

hydroxy groups, carbamoyl groups, alkyl groups having from 1 to 3 carbon atoms and halogen atoms; and 
substituents (dj ): 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyl oxy groups. 

is 13. A process according to Claim 1 , wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R 4 , wherein: 

20 R 4 represents: a hydrogen atom; an alkenyl group having 3 or 4 carbon atoms; an alkynyt group hav- 

ing 3 or 4 carbon atoms; an alkyl group having from 1 to 4 carbon atoms; a substituted alkyl group which 
has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined below; 
or a group of formula -C(=NH)R 5 , wherein R s represents a hydrogen atom or an alkyl group having from 1 
to 4 carbon atoms; 

25 R 2 and Q, together with the nitrogen atom to which they are attached represent a group of formula 

(II), as defined in Claim 1, wherein; 
m and n are each 1 1 2 or 3; 

R* represents: an alkyl group having from 1 to 4 carbon atoms; or a substituted alkyl group which 
has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a 1 ), defined below; 
30 and 

R 7 represents: an alkenyl group having 3 or 4 carbon atoms; an alkynyl group having 3 or 4 carbon 
atoms; an alkyl group having from 1 to 4 carbon atoms; or a substituted alkyl group which has from 1 to 4 
carbon atoms and which is substituted by at least one of substituents (b<), defined below; 
and the carbon atoms of said group of formula (ll) are unsubstituted or they are substituted by at least on 
35 substituent selected from alkyl groups having from 1 to 4 carbon atoms and oxygen atoms; 

substituents (a! ): 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, sulphamoyl groups, sulpho groups, 
halogen atoms, and groups of formula -NR«K* , where R* and R b ' are independently selected from hyd- 
rogen atoms and alkyl groups having from 1 to 3 carbon atoms; 

40 substituents (bQ : 

hydroxy groups; carboxy groups; groups of formula -NR«R b . where R* and R b are as defined in Claim 1; 
groups of formula -CONR^R*** or -OCONR^R 1 ", where R* and R tf are independently selected from hydro- 
gen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted alkyl groups which have from 1 
to 3 carbon atoms and which are substituted by at least one of substituents (d 1 ) defined below, and R 6 * and 

45 R* are independently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; 

cyano groups; sulphamoyl groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having 
from 1 to 3 carbon atoms; alkoxycarbonyi groups having from 2 to 4 carbon atoms; alkanoyl groups having 
from 1 to 3 carbon atoms; alkanoylamino groups having from 1 to 3 carbon atoms; alkanoyloxy groups hav- 
ing from 1 to 3 carbon atoms; alkyl thio groups having from 1 to 3 carbon atoms; alkytsulphlnyi groups having 

so from 1 to 3 carbon atoms and alkytsulphonyt groups having from 1 to 3 carbon atoms; and 
substituents (dp : 

hydroxy groups; carboxy groups; carbamoyl groups; and carbamoyl oxy groups. 

14. A process according to Claim 1. wherein the reagents and reaction conditions are so chosen as to prepare 
55 a compound of formula (I) or a salt or ester thereof, In which: 

A represents a fully saturated heterocyclic group having from 4 to 6 ring atoms, of which one is a nitrogen 
atom and the remainder are carbon atoms, said nitrogen atom having on its remaining valence a group or 
atom R 4 , wherein: 

R 4 represents: a hydrogen atom; an alkyl group having from 1 to 4 carbon atoms; a substituted alkyl 
group which has from 1 to 4 carbon atoms and which has at least ne substituent selected from substituents 
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(a?), defined bel w; or a group of formula -C(=NH)R 6 , wherein R 6 represents a hydrogen atom or an alkyl 
group having from 1 to 4 carbon atoms; 
5 substituents (aj ): 

hydroxy groups, carboxy groups, carbamoyl groups, cyano groups, halogen atoms, and groups of formula - 
NR*W , where R*' and R* are independently selected from hydrogen atoms and alkyl groups having from 
1 to 3 carbon atoms. 

10 15. A process according to Claim 1 or Claim 14, wherein the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof. In which R 2 and Q, together with the 
nitrogen atom to which they are attached represent a group of formula (II), as defined in Claim 1, wherein: 
m and n are each 1, 2 or 3; 

r« represents an alkyl group having from 1 to 4 carbon atoms or a substituted alkyl group which 
15 has from 1 to 4 carbon atoms and which is substituted by at least one of substituents (a"), defined below; 

and 

R 7 represents: an alkyl group having from 1 to 3 carbon atoms; or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (b 1 ), defined below; 
and the carbon atoms of said group of formula (II) are unsubstftuted or they are substituted by at least one 
20 substituent selected from alkyl groups having from 1 to 4 carbon atoms and oxygen atoms: 

substituents (ag ): 

hydroxy groups, carboxy groups, carbamoyl groups, halogen atoms, and amino groups; 
substituents (bj p: 

hydroxy groups; carboxy groups; groups of formula -NR^R*", where R«* and are independently selected 
25 from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; groups of formula -CONR-'R*' 

or -OCONR"W, where R«* and are as defined above; cyano groups; sulphamoyl groups; ureldo 
groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl 
groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon atoms; alkanoylamino groups 
having 2 or 3 carbon atoms; alkanoyloxy groups having 2 or 3 carbon atoms; alkytthlo groups having from 
30 1 to 3 carbon atoms; alkytsulphinyl groups having from 1 to 3 carbon atoms and alkylsulphonyl groups hav- 

ing from 1 to 3 carbon atoms. 

16. A process according to Claim 1 or Claim 14, wherein the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which: 

35 R2 represents a hydrogen atom; and 

Q represents a group of formula -B-N*R a R 9 R 10 wherein: R* R fl and R 10 are independently s lected 
from alkyl groups having from 1 to 3 carbon atoms and substituted alkyl groups which have from 1 to 3 
carbon atoms and which are substituted by at least one of substituents (b 8 ), defined below; and B represents 
an alkylene or alkylidene group having from 1 to 3 carbon atoms; 

40 substituents (bj j): 

hydroxy groups; carboxy groups; groups of formula -NR«"R b ', where R«* and R* are independently selected 
from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; groups of formula -CONR^R^ 
or-OCONR«'R hr , where R«" and R*" are as defined above; cyano groups; sulphamoyl groups; ureido 
groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyl 

45 groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or3 carbon atoms; alkanoylamino groups 

having 2 or 3 carbon atoms; alkanoyloxy groups having 2 or 3 carbon atoms; alkylthio groups having from 
1 to 3 carbon atoms; alkyisulphinyl groups having from 1 to 3 carbon atoms and alkylsulphonyl groups hav- 
ing from 1 to 3 carbon atoms. 

so 17. A process according to Claim 1 or Claim 14, wherein the reagents and reaction conditions are so chosen 
as to prepare a compound of formula (I) or a salt or ester thereof, in which Q represents a heterocyclic 
group having from 4 to 10 ring atoms in a single or bridged ring, one of said ring atoms being a quaternary 
nitrogen atom of formula >N*R 11 R 12 . wherein: 

R" and R ia are independently selected from alkyl groups having from 1 to 3 carbon atoms and sub- 

55 stituted alkyl groups which have from 1 to 3 carbon atoms and which are ubstituted by at least one of sub- 

stituents (b 1 ), d fined below; 

and having no other hetero-atoms or having one other hetero-atom selected from nitrogen, oxygen and 
sulphur hetero-atoms, the remainder being carbon atoms, said heterocyclic group being otherwis unsub- 
stituted or being substituted by at least n of substituents (c"), defin d below; 
substituents (bQ : 
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hydroxy groups; carboxy groups; groups of formula -NR^R**, where R"* and R*" are Independently selected 
from hydrogen atoms and alkyf groups having from 1 to 3 carbon atoms; groups of formula -CONR*'R br 

5 or -OCONR^R**. where R»" and R** are as defined above; cyano groups; sulphamoyt groups; ureido 

groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; alkoxycarbonyt 
groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon atoms; alkanoyt amino groups 
having 2 or 3 carbon atoms; alkanoyioxy groups having 2 or 3 carbon atoms; alkylthio groups having from 
1 to 3 carbon atoms; alkylsulphinyi groups having from 1 to 3 carbon atoms and alkylsulphonyl groups hav* 

10 ing from 1 to 3 carbon atoms; 

substituents (eg ): 

hydroxy groups, carbamoyl groups, halogen atoms and alky! groups having from 1 to 3 carbon atoms. 

18. A process according to Claim 17. wherein the reagents and reaction conditions are so chosen as to prepare 
15 a compound of formula (I) or a salt or ester thereof. In which Q represents an azetidinio, pyrrolidinio, ptperi- 

dinio, piperazinio, homopiperazinio, qulnuclidink>, morpholinio or thlomorphotinio group, in which the quat- 
ernary nitrogen atom is said group of formula >N+R"R 12 t wherein R 11 and R 12 are as defined in claim 17, 
said group being unsubstituted on its carbon atoms or being substituted by at least one of substituents (c 0 ), 
defined in claim 17. 

20 

19. A process according to Claim 1 , wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which Q represents an alkyi group having from 1 to 
3 carbon atoms and substituted by a heterocyclic group having from 4 to 1 0 ring atoms in a single or bridged 
ring, one of said ring atoms being a quaternary nitrogen atom of formula >N*R 11 R 12 , wherein: 

25 R 11 and R 12 are independently selected from alkyi groups having from 1 to 3 carbon atoms and sub- 

stituted alkyl groups which have from 1 to 3 carbon atoms and which are substituted by at least one of sub- 
stituents (b D ), defined below; 

and having no other hetero-atoms or having one other hetero-atom selected from nitrogen, oxygen and 
sulphur hetero-atoms, the remainder being carbon atoms, said heterocyclic group being otherwise unsub- 
30 stituted or being substituted by at least one of substituents (c") t defined below; 

substituents (bi ): 

hydroxy groups; carboxy groups; groups of formula -NR«"R b ' ( where R*" and R** are Independently selected 
from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; groups of formula -CONR*"R b ' 
or-OCONR a 'R*", where R«" and R*" are as defined above; cyano groups; sulphamoyl groups; ureido 

35 groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; alkoxy carbonyl 

groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon atoms; alkanoylamino groups 
having 2 or 3 carbon atoms; alkanoyioxy groups having 2 or 3 carbon atoms; alkylthio groups having from 
1 to 3 carbon atoms; alkylsulphinyi groups having from 1 to 3 carbon atoms and alkylsulphonyl groups hav- 
ing from 1 to 3 carbon atoms; 

40 substituents (eg ): 

hydroxy groups, carbamoyl groups, halogen atoms and alkyl groups having from 1 to 3 carbon atoms. 

20. A process according to Claim 19, wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which Q represents a methyl, ethyl or propyl group 

45 substituted by an azetidinio, pyrrolidinio, piperidinlo, piperazinio, homopiperazinio, quinudidinio, morpholh 

nk> or thtomorpholinio group, in which the quaternary nitrogen atom is said group of formula >N+R"R 12 
wherein R 11 and R 12 are as defined in claim 19, said group being unsubstituted on its carbon atoms or which 
is substituted by at least one of substituents (c") t defined in claim 19. 

so 21 . A process according to Claim 1 , wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which Q represents an alkyl group having from 1 to 
3 carbon atoms and substituted by an aromatic heterocyclic group having 5 or 6 ring atoms, of which one 
is a quaternary nitrogen atom of formula 

V-Rll 
/ 

wherein R" repres nts an alkyl group having from 1 to 3 carbon atoms or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (b"), defined b low, 
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and having no other hetero-atoms or having one or two other hetero-atoms selected from nitrogen, oxygen 
and sulphur hetero-atoms, the remainder being carbon atoms* said heterocyclic group being otherwise 
unsubstituted or being substituted by at least one of substituents (c°), defined below; 
substituents (bj ): 

hydroxy groups; carboxy groups; groups of formula -NR^R*", where R - * and R v are independently selected 
from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; groups of formula -CONR^R*" 
or -OCONR^W, where R** and R 6 * are as defined above; cyano groups; suJphamoyl groups; ureido 
groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; alkoxy carbonyl 
groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon atoms; alkanoylamino groups 
having 2 or 3 carbon atoms; aikanoyloxy groups having 2 or 3 carbon atoms; alkylthio groups having from 

1 to 3 carbon atoms; alkylsulphinyl groups having from 1 to 3 carbon atoms and aJkyisulprwn^ groups hav- 
ing from 1 to 3 carbon atoms; 

substituents (eg ): 

hydroxy groups, carbamoyl groups, halogen atoms and alkyl groups having from 1 to 3 carbon atoms. 

22. A process according to Claim 21 . wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which Q represents a methyl, ethyl or propyl group 
substituted by an imidazolio, thiazolio, thiadiazoito, pyrazolio, oxazoiio, isoxazoJio, triazolfo, pyridini , 
pyrazinio, pyrimidinio or pyridazinio group, in which the quaternary nitrogen atom is said group of formula 

/ 

wherein R 1 1 is as defined in claim 21 , said group being unsubstituted on its carbon atoms or having at I ast 
one substituent selected from methyl, ethyl and propyl substituents. 

23. A process according to Claim 1 t wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which A represents a fully saturated heterocyclic 
group having 5 ring atoms, of which one is a nitrogen atom and the remainder are carbon atoms, said nit- 
rogen atom having on its remaining valence a group or atom R 4 , wherein: 

R 4 represents: a hydrogen atom; a methyl group; an ethyl group; or a substituted methyl or ethyl 
group which has at least one substituent selected from hydroxy groups, carbamoyl groups and halogen 
atoms. 

24. A process according to Claim 1, wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which R 2 and Q, together with the nitrogen atom to 
which they are attached represent a group of formula (II), as defined in Claim 1, wherein: 

m and n are each 2 or 3; 

R° represents an alkyl group having from 1 to 4 carbon atoms or a substituted alkyl group which 
has from 1 to 4 carbon atoms and which has at least one substituent selected from hydroxy groups, carboxy 
groups, carbamoyl groups, cyano groups, halogen atoms arid amino groups; and 

R 7 represents: an alkyl group having from 1 to 3 carbon atoms; or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (b"), defined below; 
and the carbon atoms of said group of formula (II) are unsubstituted or they are substituted by at least one 
substituent selected from alkyl groups having from 1 to 4 carbon atoms and oxygen atoms; 
substituents (bg ): 

hydroxy groups; carboxy groups; groups of formula -NR'R', where R* and R f are independently selected 
from hydrogen atoms, methyl groups and ethyl groups; groups of formula -CONR«R h , where Ro and R h are 
Independently selected from hydrogen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted 
alkyl groups having from 1 to 3 carbon atoms and having at least one substituent selected from the group 
consisting of hydroxy, carboxy, carbamoyl and carbamoyloxy groups; groups of formula -OCONR'RJ, where 
ri and Rl are independently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon 
atoms; cyano groups; sulphamoyt groups; ureld groups; sulpho groups; halogen atoms; alkoxy groups 
having from 1 to 3 carbon atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups 
having 2 or 3 carbon atoms; alkanoylamino groups having 2 or 3 carbon atoms; aikanoyloxy groups having 

2 or 3 carbon atoms; alkylthio groups having from 1 to 3 carbon atoms; alkylsulphinyl groups having from 
1 to 3 carbon atoms and alkylsulphonyt groups having from 1 1 3 carbon atoms. 
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25. A process according to Claim 24, wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which said substituents (b») are selected from hydroxy 

5 groups; carboxy groups; groups of formula -NR'R*. where R» and R* are independently selected from hyd- 

rogen atoms, methyl groups and ethyl groups; groups of formula -CONR«R h , where Re and R* are inde- 
pendently selected from hydrogen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted 
alkyi groups having from 1 to 3 carbon atoms and having at least one substituent selected from hydroxy, 
carboxy and carbamoyl groups; groups of formula -OCONRW, where R« and Ri are independently selected 

10 from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; cyano groups; sulphamoyl groups; 

ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; alkoxycar- 
bonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon atoms; alkanoylamlno 
groups having 2 or 3 carbon atoms; alkanoyloxy groups having 2 or 3 carbon atoms; alkylthio groups having 
from 1 to 3 carbon atoms; alkylsulphinyl groups having from 1 to 3 carbon atoms and alkylsulphonyl groups 

is having from 1 to 3 carbon atoms. 

26. A process according to Claim 1 , wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which A represents a fully saturated heterocyclic 
group having 5 ring atoms, of which one is a nitrogen atom and the remainder are carbon atoms, said nit- 
rogen atom having on its remaining valence a group or atom R 4 , wherein: 

R* represents: a hydrogen atom; a methyl group; an ethyl group; or a substituted methyl or ethyl 
group which has at least one substituent selected from hydroxy groups, carbamoyl groups and halogen 
atoms; 

R2 and Q, together with the nitrogen atom to which they are attached represent a group of formula 
(II), as defined in Claim 1, wherein: 
m and n are each 2 or 3; 

R 8 represents an alkyl group having from 1 to 4 carbon atoms or a substituted alkyl group which 
has from 1 to 4 carbon atoms and which has at least one substituent selected from hydroxy groups, carboxy 
groups, carbamoyl groups, cyano groups, halogen atoms and amino groups; and 

R 7 represents: an alkyl group having from 1 to 3 carbon atoms; or a substituted alkyl group which 
has from 1 to 3 carbon atoms and which is substituted by at least one of substituents (b*), defined below; 
and the carbon atoms of said group of formula (II) are unsubst'rtuted or they are substituted by at least one 
substituent selected from alkyl groups having from 1 to 4 carbon atoms and oxygen atoms; 
substituents (bi g): 

hydroxy groups; carboxy groups; groups of formula -NR e R f , where R* and R f are independently selected 
from hydrogen atoms, methyl groups and ethyl groups; groups of formula -CONR«R h , where Ro and R h are 
independently selected from hydrogen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted 
alkyl groups having from 1 to 3 carbon atoms and having at least one substituent selected from hydroxy, 
carboxy. carbamoyl and carbamoyloxy groups; groups of formula -OCONRW, where R 1 and RI are inde- 
pendently selected from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; cyano groups; 
sulphamoyl groups; ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon 
atoms; alkoxycarbonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon 
atoms; alkanoyiamino groups having 2 or 3 carbon atoms; alkanoyloxy groups having 2 or 3 carbon atoms; 
alkylthio groups having from 1 to 3 carbon atoms; alkylsulphinyl groups having from 1 to 3 carbon atoms 
and alkylsulphonyl groups having from 1 to 3 carbon atoms. 

27- A process according to Claim 26, wherein the reagents and reaction conditions are so chosen as to prepare 
a compound of formula (I) or a salt or ester thereof, in which said substituents (b°) are selected from: hyd- 
roxy groups; carboxy groups; groups of formula -NR«R?, where R» and R* are independently selected from 
hydrogen atoms, methyl groups and ethyl groups; groups of formula -CONR«R h , where R« and R h are inde- 
pendently selected from hydrogen atoms, alkyl groups having from 1 to 3 carbon atoms and substituted 
alkyl groups having from 1 to 3 carbon atoms and having at least one substituent selected from hydroxy, 
carboxyand carbamoyl groups; groups of formula -OCONRW, where R 1 and RI are Independently sel cted 
from hydrogen atoms and alkyl groups having from 1 to 3 carbon atoms; cyano groups; sulphamoyl groups; 
ureido groups; sulpho groups; halogen atoms; alkoxy groups having from 1 to 3 carbon atoms; alkoxycar- 
bonyl groups having from 2 to 4 carbon atoms; alkanoyl groups having 2 or 3 carbon atoms; alkan yi amino 
groups having 2 or 3 carbon atoms; and alkanoyloxy groups having 2 or 3 carbon atoms. 

28. A process according to Claim 1 , in which the reagents and reaction conditions are so chosen as to prepare: 
2^2-(4,4-dimethy1-1 ^tperazinioca^ 
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perv2-em-3-carboxyIate; 

2-f2-(4 > 4-dimemyM^cmopiperazinioc^ 
carbapen-2-em-3-cart>oxy1ate; 

2^2^4-<2-hydroxyemyl)-4-methyt-1-pipera^ 
methy*-1-carbapen-2^rrv3-cartx)xylate; 

2-f2-(4-carbamoylmethyl-4nrneth^^ 
-methyl-1 -carbapen-2-em-3-carboxylate; 

2^2-(4-carboxymethyl-4^emyM-piperazinioca^ 
ethyM-carbaperv2-errv3-carboxylate; 

2^-[4-(2-<xutoarnoyloxyethyl)-4-mett^ 
yl)-1 -methyl-1 -carbapen-2-env3-carboxyiate; 

2-[2-{4-(2-hydroxyethyi)-4-methyi-1 -homopiperaziniocarbonyl]pynrdidin-4-y(thio}-6-(1 -hydroxyeth 
yl)-1 -methyl-1 -carbapen-2-em-3-carboxy1ate; 

2-{(2-(4-c»rbamoylmethyl^memyl-1^ 
hyl)-l -methyl-1 -carbapen-2-em-3-carboxy late; 

2^2-{4-cart)oxymemyl-4^emyM-hornopiper^ thyl) 
-1-methyi-1-carbapen-2-em-3-carboxylate; 

2^2^4-(2-carbamoyloxyethyl)-4-mett^ 
oxyethyl)-1-methyH-carbapen-2-em-3-carboxylate; 

6-<1-hydroxyemyl)-1-methyl-2^2-[4-methyl^ 
yithlo}-1 -carbapen-2-em-3-carboxylate; 

6^1-hydroxyethyl)-1^ethyl-2-I2-(3 f 4Atrimethyt-1^iperazink)carbony^ 
apen-2*em-3-carboxytate; 
or a pharmaceutical^ acceptable salt thereof. 

29. A process according to Claim 1 . in which the reagents and reaction conditions are so chosen as to prepare: 

(1R, 5S, 6S)-2-[(2S, 4S)-2-<4.4-dimethyl-1-piperaziniocart)onyl)pyrrdidln-4^^ 
roxyethylh1-methyl-1-carbapen-2-ern-^-cart>oxylate; 

(1R, 5S. 6S)-2-{(2S, 4S)-2-(4/Wimemyi-1-homopiperaziniocarto^ 
hydroxyethylH^ethyl-1-<»rbapen-2-env3-carboxylate; 

(1R, 5S, 6S)-2-{(2S, 4S)-2-[4-{2-hydroxyethyl)-4-methyl-1-pip«ra2iniocaiiK>nyQpyTO 
6-1(1 R>*1 -hydroxyethyl J-1 -methyl- 1 -carbapen-2-em-3-carboxylate; 

(1R, 5S, 6S)-2-{(2S, 4S)-2-(4-cart>amoylmethyl-4-memyl-1-pipera^ 
6-((1 ^1-hydroxyethyl}-1-methyl-1-cart)apen-2-em-3-carboxylate; 

(1R, 5S, 6S)-2-[(2S, 4S)-2-(4-carbcxymethyl-4-methyl-1-piper^ 
[(1^1-hydroxyethyi>lHmemyl-1-carbapen-2-em-3-carboxylate; 

(1R, 5S, 6S)-2-{(2S p 4§)-2-{4-{2-cart)anrioyloxyemyl)-4-^ 
ylthio}-6-{(1 R)-1 -hydroxyethyl]- 1 -methyl-1 -carbapen-2-em-3-carboxylate; 

(1R, 5S, 6S)-2-{(2S, 4S)-2-[4-(2-hydroxyethyl)-4HrTiemyl-1^ 
mlo)-6-{(1R)-1-hydroxyemyn-1-meth 

(1R f 5S, 6S)-2-[(2S t 4§)-2-<4-cart>amoylmemyl-4-methyM-hor^ 
ylthio}-6-{(1 R)-1 -hydroxyethyll-1-methyH -carbapen-2-em-3-carboxylate; 

(1R, 5S, 6S)-2-l(2S f 4S)-2-(4-carbQxymethyl-4wnethyM^ 
thio}-6-[(1 R)-1 -hydroxyethyl]-1 -methyl-1 -carbapen-2-em-3-carboxylate; 

(1R, 5S, 6S)-2-{(2S, 4S)-2-[^2-ca!t>aiTroyloxyethyt 

din-4-ylmio}-6-[(1f^1-hydroxyemylH 

(1R, 5S, 6S)i-I(1^1^ydroxyethyll-1-methyl-2-{(2S t 4S)-2-{4-methyl-4-(3-sulphopropyl)-1- 
plpeiBzinlocarbonyl]pyn~olidin-4-ylthio}-1-c^ 

(1R. 5S, 6S]h^(1R^1-hydroxyethyll-1-rnethy»-2-{(2S, 4S) 2H3 t 4,44rimethyl-1-piperaziniocar- 
bonyi)pyrroJidin^ylthk)l-1-carbapan-2-enr>-3-carboxylate; 
or a pharmaceuticaliy acceptable salt thereof. 

30. A process for preparing a pharmaceutical composition for the treatment or prophylaxis of bacterial infec- 
tions, which comprises mixing an antibacterial agent in admixtur with a pharmaceuticaliy acceptable car- 
ri r r diluent, wherein the antibacterial ag nt is at least on compound as defined in any ne of Claims 1 
to 29. 
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31. The use of a compound of formula (I) or a salt or ster thereof, as defined in any one of Claims 1 to 29, 
for the manufacture of a medicament for th treatment or prophylaxis of bacterial inf ctions. 
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